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NORMAL TEMPERATURE

oF

THE HEAD.

In a recently published work the writer of this article
has given an account of investigations made by him on the
temperature of the head, extending almost uninterruptedly
over a space of more than two years.* In these investiga-
tions the surface of the head was divided by measurement
into a number of small spaces (eighty-eight on each side),
which were examined separately and by comparison with each
other. Both thermometers and thermo-electric apparatus
were employed in the experiments, the chief reliance, how-
ever, being placed on thermo-electric apparatus, as in the
use of thermometers—among other sources of error—the
temperature of the superficial vessels of the integu-
ment influences the result, the pressure of the instrument
not being sufficient to empty these vessels, which can readily
be compressed by the firm application of suitably constructed
thermo-piles. It was found in these experiments, among
other results, that every one of the small divisions of the
surface of the head might be hotter on the right side or on
the left side in turn, and also that many of them showed at
times equality of temperature of the two sides. In this
absence of a constant superiority of temperature on one side,
the writer’s results were in opposition to those of M. Broca,
Dr. Gray, and MDM. Mg§agliano, and Seppilli, who came
to the conclusion that the left side has uniformly the higher
temperature.

% ¢ Experimental Researches on the Regional Temperature of the Head’
London 1879.
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Now the idea long ago suggested itself to the writer that
the degree of absolute temperature of the parts examined
might have something to do with the presence on the right
side at one time, and on the left side at another time, of
superiority of temperature, or again, with the presence, at
certain times, of equality of temperature. In fact, a con-
siderable number of observations seemed to show that near the
higher limit of range of absolute temperature equality and
superiority of temperature of the left side prevailed, while
superiority of temperature of the right side was the most
frequent condition at a lower absolute temperature.

To understand the different circumstances under which
the temperatures of two parts may vary, so as to leave each
one in turn warmer than the other, let us imagine a con-
dition of things such as the following :—Suppose that
of the two parts compared, one, “a,” is, in the first place
warmer, and, in the second place, cooler than the other,
“b.”” When, in the second instance, “b? surpasses
“ a *’ in temperature, one of five things may have occurred,
namely :—First, “b’’ may have risen in temperature in
a degree exceeding the difference between it and “a,”
the temperature of the latter remaining constant; second,
“a” may have fallen below the level of “b,” the tempera-
ture of the latter being unaffected ; third, both parts may
have risen in temperature, “b,” however, rising in a suffi-
ciently greater degree than “a’’ to attain a higher final
level than the latter ; fourth, both parts may have fallen in
temperature, the fall of “a’’ being, however, sufficiently
greater than that of “b,” to leave the former at the lower
final level ; fifth, *“ a ’’ may have fallen and ““ b’ have risen
in temperature, the fall and rise being sufficient to leave “ b ”*
at the higher final level,

If we regard the thermal values of “a” and “b” as re-
presented in the first place, by the temperatures 35°1° C., and
85° C. respectively, the following will represent the changes
specified :

1st Instance. 2nd Instance. 3rd Instance.

A e

i s —

= \ =
23 £ o 23 £ ), 2 £ o 22 i} 22
{1 ﬂl‘” [ {4 'b a 'b a h

85120, 3570, 85:1°0. 385:2°C. 84:9°C, 85°(C.
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4th Instance. 5th Instance. 6th Instance.
€ q 1 €]’ €€ g 27 2 g 0 | 2

352°C. 853°C. 384:8°C. 349°C. 34-95°C. 8505°C.

In all these instances the initial difference of 0:1° C.
between the two parts is preserved.

Suppose, now, that in a given number of observations  a
is found to be the warmer by 0'1° C. with an absolute tem-
perature of 35°1° C., while in another set of observations “b ”’
is found to be the warmer by 0°1° C. with an absolute tem-
perature of 34:1° C. If these observations were sufficiently
numerous the inference would be that “a’’ has usually the
greater range of temperature of the two parts, rising higher
and falling lower than “b.”” In rising and falling between
the above extremes a point must be touched at which “a”
and “b * have the same temperatures. This point may, of
course, be nearer either one of the extremes or midway
between them. Above the neutral point “a’’ would have
the higher temperature, while below this point “ b ** would
be the warmer. But between the two extremes the position
of superior temperature may alter more than once, and thus
more than one neutral point may occur.

The following arrangement of thermometric values would
represent such a condition of things as that alluded to. The
“plus ”’ sign is placed opposite the higher of the two
values compared, and “zero” opposite equal wvalues or
neutral points.

(11 ﬂljj 11 b 23
e R Nl
DE o s 34:75-Q. . . . 3405°C. oy a g ol
34:40°C. . . . 3450°C.+
L L DA - o 0 men()
+384:35°C. . . . 38425°C.
I e 84-20°C. ., . .. 84:20°C. e

34:00°C. . . . 8410°C.+

Here we have the higher temperature twice in favour of
each part, with three nentral points.

But although the neutral point must necessarily be touched
at each reversal of position of the higher temperature,
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yet it by no means follows that the temperatures of the two
parts remain equal sufficiently long to enable one to prove
the existence of neutrality with the instruments ordinarily
used. The duration of the condition of equality may be too
brief to be noticeable except by means of delicate self-
registering appliances. It must, moreover, be borne in mind
that equality of temperature is, at best, a relative condition
depending upon the delicacy of the means of investigation
employed ; thus—other things remaining the same—equality
would naturally be found more frequently with instru-
ments incapable of testing difference of temperature less than
0'1° C. than with those capable of testing differences of
0-05° C. TFurther, the neutral point may be tonched and
held sufficiently long for satisfactory verification without
subsequent reversal of the position of higher temperature
ensuing. Again, the writer has called attention, in the
work already cited, to the curious absence of any definite
connection between the frequency of oceurrence of neutrality
or of superiority of temperature on a side, in the comparison
of two parts, and the average thermometric difference
displayed by these two parts. Thus, two parts with a com-
paratively slight average difference of temperature, being
thus, as it were, constantly on the verge of equality or of a
change of position of higher temperature from one side to
the other, may yet seldom show equality or a change of the
position of higher temperature from one side to the other,
while two other parts, with a much greater average difference
of temperature, may more frequently show equality or a
change in the position of superiority of temperature from
one side to the other. For example, two parts, “a” and
““b,” with an average difference of temperature of 0-05° C.,
may show 80 per cent. of cases of higher temperature for
“a,” 19 per cent. of cases of higher temperature for “b,”
and 1 per cent. of cases of equality of temperature; while
two parts, “¢”’ and “d,” with an average difference of
temperature of 0:2° C., may show 50 per cent. of cases of .
higher temperature for “¢,”” 38 per cent. of cases of higher
temperature for “ d,” and 12 per cent. of equality of tem-
perature. These facts show that the variations of tempera-
ture with which we are concerned are, in a considerable
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measure at least, not simply the result of steady and gradual
rises and falls of temperature, differing slightly in degree in
the two parts compared, due to regular alterations in the
rate of calorific production alone, but that the furnaces,
which we may. suppose the parts to represent, are, in many
cases abt any rate, liable to sudden and decided interferences
with their ordinary action, camsing rapid and irregular
exaltations and depressions of their powers, and this in each
part independently of the other. Thus, it is evident that in
the case of “¢” and “d” given above, in order to furnish
such relative percentages of those set forth, quick rises or
falls of temperature of 0:2° C., at the least, must have
occurred, every time equality ensued this difference having
to be made up, and, of course, a siill greatest deficit having
to be supplied with each reversal of the position of higher
temperature.

If the extreme limits of thermal range, beyond which no
rise or fall can normally occur, be the same or nearly the
same in the two parts compared, it follows, of course, that, in
a united rise or fall of temperature in both parts, as these
limits are approached the average degree of difference of
temperature wounld naturally tend to diminish, until finally,
when the bounds were reached, either equality would be pre-
sent, or a minimum difference of temperature in favour of
that particular part the extreme thermal limit of which had
the highest absolute level. But even with the extreme
- limits nearly the same, and with a united rise or fall in the
two parts towards a higher or lower general level, this rise
or fall may be very unequal in the two parts at different
periods, and thus not only may frequent shiftings of the
position of higher temperature from one side to the other
occur, but also all shades of difference of temperature may
be found at different levels, according as the rate of rise or
fall varies in the two parts independently of each other.
Therefore, in the hypothetical case given on page 5, of a rise
from 34° C. to 35:1° C., the uniform difference of temperature
of 0:1° C., given for the sake of simplification, would not
probably be maintained throughout; but although, as the
general level rose the average difference might diminish, yet
even almost to the extreme upper limit—supposing the rise
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to pass decidedly above 35°1° C.—irregular variations might
bring about as great differences as those found at the lower
levels. :

Such being a general idea of the conditions under which
the temperatures of two parts may alter so as to leave each
part at certain times superior in temperature to the other,
or again, at other times, both parts equal in temperature, let
us see what the results of our investigations show with regard
to the influence of the degree of absolute temperature of
the head on the frequency of occurrence of superiority of
temperature on a given side or of equality of temperature of
the two sides.

In the present article the writer proposes to analyse the
results of some 6000 observations bearing on the questions
in hand. These observations are contained in four tables,
constituting each a separate and distinet set of experiments.
The experiments were made on three subjects, the mental and
physical conditions of whom were thoroughly known to the
experimenter, and under circumstances where all external
influences likely to affect the results were under careful
supervision.¥ The division of the results into the four tables
is purely accidental, depending simply on the fact that the
observations were made at different periods, each period cor-
responding to the contents of a table. KEach table, there-
fore, represents an independent series of experiments cover-
ing the greater part of the different absolute temperatures
which are found normally in the portion of the head examined.

The part of the head examined lies back of the external
angular process, and is thus bounded :—Anteriorly, by the
external angular process, the frontal process of the malar
bone, and by a line drawn npward from the external angular
process parallel to the general plane of the forehead ; poste-
riorly, by a line drawn upward from the zygomatic process
of the temporal bone parallel to the anterior boundary line,
and at a distance from it of 37 mm. ; superiorly, by a hori-
zontal line drawn on a level with the summit of the super-
ciliary arch ; inferiorly, by the zygomatic processes of the

* The writer has elsewhere laid much stress on the importance of this intimate
knowledge of the subject of experiment, and of the physicul surroundings in
which such experiments are made,
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malar and temporal bones. The tract thus marked off
includes of the writer’s abitrary subdivisions, the 5th district,
1st tier, anterior region, and the 1st district, 1st tier, middle
region, and covers the “ frontal station >’ of Broca, adopted
also by Gray and by Marigliano and Seppilli.

In making the experiments, the absolute temperature of
one side—usually the left side—was first obtained, sometimes
with the thermometer, and sometimes with thermo-electric
apparatus ; the difference of temperature between the two
sides was then taken, always using for this purpose thermo-
electric apparatus, and this difference, added to or deducted
from the absolute temperature first obtained, gave the absolute
temperature of the second side. After a certainnumber of com-
parisons the absolute temperature of the first side was again
tested, and the averages obtained from the several examina-
tions taken to represent the results of that particular set of
observations. The method of taking the absolute tempera-
ture by thermo-electric means, although open to objections
obvious to those accustomed to such investigations, is yet,
in experienced hands, on the whole more satisfactory in work
like the present than the use of the thermometer; for the
former method can be conducted rapidly and repeated fre-
quently, while the latter requires a far greater length of time,
during which no comparisons of the two sides can be made,
and, moreover, by the covering up of the part by the appli-
ances necessary to protect and keep in place the bulb of the
thermometer, angments the temperature of the part.

It will be observed in the tables, that the number of
observations belonging to each absolute temperature is either
fifteen or some product of this number. The reason of this
is as follows. The object of the investigations was to find,
in the case of each absolute temperature, which of the three
conditions, namely, superiority of the right side, superiority
of the left side, or equality of the two sides, was most fre-
quently present. Now, suppose an examination at a given
time, with an absolute temperature of 34:5° C. (92'1° F.) on
the left side, shows the right side to be the hotter by 0-1° C.
(0-18° F.). Continuing to compare the two sides with
thermo-piles, we might go on for half an hour or an hour,
still finding the right side the warmer by an amount equal



10

to, or a little more or less than, that first found; but the
number of comparisons which could be made in the times
specified might vary greatly at different periods and under
different circumstances. A number of experimental eondi-
tions beyond the control of the experimenter influence the
rapidity with which such observations can be made. At one
time the experimenter might proceed at the rate of an
observation every half minute, while at another time several
minutes might be spent with no certain result, and yet no
change might have occurred in the relative temperatures of
the parts compared. It would be out of place and occupy
too much space to deal here with these causes of interference,
which have, moreover, been fully considered by the writer in
the work alluded to; it suffices to say that, through them,
the number of observations which can be made in a given
time may be decidedly affected. 'While, therefore, in half
an hour, on one occasion, with the absolute temperature
34-5° C. (92:1° F.), we might obtain sixty results in favour
of the right side, in the same time, with the same tempera-
ture, on another occasion, the superiority being now on the
left side, we might obtain but fifteen results in favour of the
latter side. Now to say that, at the particular temperature
in question, the percentages of times of occurrence of supe-
riority of temperature of the right and left sides are respec-
tively 80 and 20, as the above results would indicate, would
be to commit an obvious error,

The method pursued in these investigations was :—After
finding the absolute temperature of one side, to make fifteen
careful comparisons of the two sides. If the results of these
comparisons were uniformly in favour of a single side or of
equality, and if, in the former case, the differences of tem-
perature noted were pretty nearly the same, the results were
set down as so many observations for that particular absolute
temperature. Nothing more was recorded for the time, but
the temperature was tested at short intervals to see if any
change occurred either in the absolute temperature of the
side first examined, or in the relative temperatures of the
two sides. If the absolute temperature changed, of course
a new series of observations were made, and fifteen results
were recorded for this new temperature. The same course
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was pursued if the position of higher temperature changed
sides, or if equality was substituted for superiority of a side,
or, finally, if the difference of temperature between the two
sides underwent any decided change. But if no change
occurred in the space of three quarters of an hour, fifteen
more results, taken from those meanwhile made, were added ;
and so on until a change occurred. If, on the other hand,
at the start, during the first fifteen observations, any decided
change took place, such as, for example, a reversal of the
position of higher temperature, the course adopted was
governed by the number of observations already made. If
only two or three of the fifteen observations had been made
the results were ignored. If only the same number were
wanting to make up the fifteen, the full complement was
counted as made. If half, or about half, of the full number
had been made, they were put aside to be used to the credit
of the particular condition which they represented in some
future set of observations in which the same absolute tem-
perature existed, thus going to make up another complement
of fifteen. As a rule, however, the entire fifteen observa-
tions were completed at one time without interruption.

We will now proceed to examine the tables.

Each table is divided into two parts. The first part com-
prises those cases in which the higher of the two tempera-
tutes compared is 35° C. (95° F.), or above that point; and
the second part comprises those cases in which the higher
of the two temperatures compared is below 35°C. The first
two columns consist of the absolute temperatures of the two
sides ; the figures of the third and fourth columns are the dif-
ferences of temperature in favour of one side or the other as the
case may be; thefifth column gives the number of observations,
and the sixth column indicates whether the results are in favour
of the right side, or of the left side, or of equality of the two
sides.

The tables will be analysed in two principal ways :—First,
by comparing the percentages of frequency of occurrence of
the conditions of right and left superiority of temperature
and of equality of temperature respectively, in the two parts
mto which each table is divided ; and, second, by comparing
the average absolute temperatures of the three conditions.
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TasLE 1.

Ist Part.—Cases where the higher of the two temperatures
compared is 85° C., or above that point.

- Number -
Absolute temperatures. Dlﬁ‘eret&u:]eaf;fﬂtlern::};%m'ature. of ohszer- E‘iﬂ: ::fl
X e vations. R
i L b | f k!
Left side. Right side. | Left side. | Right side.

3590000° C. | 36-12500° C. (1] 0-22500° C. 15 Right side
3500000° C. | 85-07500° C. 0 007500° C. oy i
35-90000° O, | 35900007 C. 0 0 % Equality
35:90000° C. | 35-67500° C. | 022500° C. 0 . Lelt side
35800007 ¢, | 85-95000° C, 0 0:15000° C. e Right side
35:75000° C, | 3590000° C. 0 0-15000° C. 5 pr
3576000° C. | 35-75000° C. 0 0 - Equality
85-75000° C, | 85°67500° C. | 0-0F500° C. 0 2 Left side
35-70000° C, | 35°81250° C, 0 0-11250° C. - Right side
35700007 . | 35-70000° C. 0 0 s Equality
35-70000° C. | 35'51250° C. | 0-18750° C. 0 = Lelt side
35:60000° C, | 35-90000° C. 0 0-30000° C. - Right side
35:60000° . | 35°77490° C. 0 0-17490° C. 2= %
35-55000° C. | 35'66250° C. 0 0-11250° C. - ,,
35-55000° C. | 85-55000° C. 0 0 4 Equality
35-55000° . | 85-47500° C. | 0:07500° C. 0 - Left side
35-50000° C. . 35650007 C. 0 015000° C. 30 Right side
35°50000° C. | 35-45000° C. | 005000° C. 0 15 Left side
35-50000° C. | 35-05000° C. | 0-45000° C. 0 5 5
85-45000° C. | 35-45000° C. 0 1] e Equality
8540000 ¢, | 85-17500° C. | 0-22500° C. 0 & Left side
35-40000° C. | 35-62500° C, 0 0-22500° C. = Right side
35-40000° C. | 35-47500° C. 0 0-07500° C. i x
85-40000° C. | 85-40000° C. 0 0 = Equality
35-25000° C. | 35-32500° C. 0 007500° C, EH Right side
85-25000° C. | 85-25000° C. (i] 0 - Equality
35:-20000° C. | 35-42500° C. 0 0-22500° C. i Right side
35°20000° C. | 85-20000° C. 0 0 60 Equality
36-20000° C. | 85:35000° C. 0 0-15000° C. 15 Right side
35-20000° C. | 84:93750° C. | 0-26250° C. 0 o Left side
35-15000° C. | 35°18750° C. 0 0-03750° C. o Right side
35-15000° C. | 85-15000° C. (1] 0 = Equality
35-10000° C. | 35:21250° C. 0 0-11250° C. o Right side
35100007 . | 35250007 C. 0 0-15000° C. 30 =
35:10000° C. | 3510000° C. (] 0 15 Equality
35:05000° (0. | 35-235750° C. ] 0-18750° C. 2 Right side
35:05000° C, | 34-90000° C. | 0+15000° C, 0 Al Lieft side
35-00000° C. | 35-15000° C. 0 0150007 C. s Right side
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TaAzrLE 1.

28D Parr.—Cases where the higher of the two temperatures
compared is below 35° C.

. | Number .
Absolute temperatures. Dlﬁere’}f}ﬁfﬂﬁf‘:}?ratﬂr& of n:nsm'- giif: :}Ifl
" i vations. e
[ T ] (813 ¥ I |
Left side. Right side. | Left side, | Right side.

84+90000° C. ] 34-90000° C, 0 0 15 Equality
34-90000° C. | 34:72501° C. | 0-17499° C, 0 30 Left side
34-80000° C. | 834950007 C. 1] 0-15000° C. 15 Right side
34:80000° C., | 34-87500° C. 0 0-07500° C. » 2
34:80000° C, | 34800007 C. 0 0 i Equality
34-80000° C. | 34:65000° C. | 0:15000° C. 0 - Left side
34+75000° C.  3497500° C. ] 0:22500° C. = Right side
84-75000° C. | 34:75000° C, 0 0 i Equality
34-65000° C. | 84:53750° C. | 0-11250° C. 0 - Left side
34-60000° C. | 3471250° C, 1] 0-11250° C. o Right side
34-60000° C. | 34-52500° C. | 0r07500° C. 0 - Left side
234-60000° C. | 84-60000° C. ] ] A Equality
34-60000° C. | 84-24000° C. | 0-86000° C. 0 a0 Left side
84:55000° C. | 34-77500° C. 0 0:22500° C. 15 Right side
34:55000° C.. | 84:75625° C. 0 0-20625° C. o -
34-55000° C, | 34-55000° C. 0 0 30 Equality
34-55000° C. | 84-32500° C. | 0-22500° C. 0 15 Left side
34-40000° C. | 34:-55000° C. 0 0-15000° C. - Right side
34-40000° C. | 84°40000° C. 0 0 ” Equality
34:40000° C. | 34:10000° C. | 0-30000° C. 0 a3 Left side
34:30000° C.  34:46249° C. 1] 0-16249° C. a0 Right side
34-30000° C. | 34:30000° C. 0 0 15 Equality
34-25000° C. | 84:10000° C. | 0-15000° C, 0 o Left side
34:20000° C. | 34:47000° C. ] 0-27000° C. 30 Right side
34:20000° C, | 34:27500° C. 1] 0-07500° C. 15 o
34-20000° C. | 34:-20000° C. 0 (1] 45 Equality
84-20000° C. | 33-70002° C. | 0-49998° C. 0 30 Left side
34-15000° C. | 34-45000° C. L] 0-30000° C. 15 Right side
34:10000° C. ‘ 34:10000° C. 0 1] . Equality
84:05000°C. | 33-80001° C. | 0°24999° C. 0 v3 Left side
33-95000° C. | 34-40000° C. 0 0r45000° C. e Right side
38-65000° C. | 33:95000° C, 0 0300007 O, = i
3345000° C, | 33-75000° C, 0 0-30000° C. o .
33:10000° C. | 35:02500° C. | 0-07500° C. 0 - Left side
83-10000° C, | 33-32500° C, 0 0-22500° C. o Right side
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Tarir 2.

1st Parr.—Cases where the higher of the two temperatures
compared is 85° C., or above that point.

: | Mamber g
Differences of temperature. Result in
Absolute temperatures, In favour ulf]: I 121:}055: favour of
r A = e 3| :-—-—'— e
Left side. Right side. Left side. | Right side.

26-:10000° C, | 35-98750° C. | 0-11250° C. | 0 15 Left side
36-10000° C. | 36-32500° C. 0 0-22500° C. i Right side
36100007 C. | 36-10000° C. 0 0 & Equality
35°90000° C. | 35-99999° C, 0 0r09999° (. - Right side
35'90000° C. | 35-90000° C. 0 0 80 | Equality
35'80000° C. | 35'95000° C. 0 0-15000° C. 15 Right side
35'80000° C. | 35-80000° C. 0 0 30 Equality
35'80000° C. | 86-04375° C. 0 0-24375° C., 15 Right side
35-80000° C, | 36-68750° C. | 0-11250° C. 0 o Left side
35-75000° C, | 36-87499° C. 0 0'12499° C. <z Right side
35°75000° C. | 35-75000° C, 0 0 30 Equality
35'75000° C. | 35'63750° C. | 0:11250° C. 0 15 Lieft side
35'60000° C, | 85°67500° C. 0 | 0075007 C. i Right side
35-60000° C, | 35-:60000° C. 0 (] - Equality
35-60000° C. | 85-412560° C. | 0-18750° C. 0 4 Left side
35-55000° C. | 85°70000° C. 0 0-15G00° C. N Right side
35-60000° C. | 85-68750° C. 0 0-18750° C. o .
35-50000° C. | 85500007 C, 0 0 2 Equality
35'50000% C, | 35:20000° C. | 0:30000° C. 0 i Left side
35-45000° C. | 356-45000° C. (] 0 o Equality
35°40000° C, | 35-47500° C. 0 0:07500° C. - Right side
35400007 C, | 35-21250° . | 0-18750° C. 0 i Left side
35-20000° C. | 35-27300° C. 0 007500° C. i Right side
35-20000° C. | 35:20000° C, 0 0 a0 Equality
35-15000° C. | 35-30000° C. 0 0150007 C. 15 Right side-
35-05000° C. | 35-27500° C. 0 0-22500° C. i +
35°00000° C. | 35:22500° C. 0 0225007 C. 9 e
35:00000° C. | 35000007 C. 0 0 o Equality




A

=y

TABLE

2'

compared is below 35° C.

28D ParRT.—Cases where the higher of the two temperatures

=4 Number
Absolute temperatures, -Diﬁ'erenlcuesffs Dziﬂc"l;ﬂat“m‘ of obser-
_‘ el vations.

o | | e ™\

Lieft side. Right side. | Left side. | Right side.
34-90000° C. | 34-97500° C. 0 0-07500° C. 15
3400000° C. | 34:90000° C, 0 0 <
34-70000° C. | 3492500° C, 0 0-22500° C. !
34-70000° C. | 34:40000° C. | 0-30000° C. | 0 i
34:65000° C. | 34-87500° C. 0 | 0:22500° C. e
34:65000° C. | 34:35000° C, | 0r30000° C, 0 -
34°60000° C. | 34-79500° C. 0 0:19500 C. -
34:60000° C. | 34-60000° C. 0 0 2
34:60000° C. | 34-52500° C. | 0-07500° C. 0 -
34:55000° C, | 84-79375° C. 0 0-24375° C. s
34-40000° C. | 34:55000° C, 0 0-15000° (, o
34:40000° C. | 34-49999° C. 0 0-09999° C. i
34-40000° C. | 34-28750° C. | 0-11250° C. 0 43
34-40000° C, | 34400007 C. 0 0 o
34:30000° C. | 34600007 C. 0 0-30000° C, e
84:30000° C. | 34:37500° C. 0 0-07500° C, -
34:30000° C. | 34:30000° C, 0 0 -
34-30000° C. | 34-00000° C. | 0-30000° C, | 0 =5
34:20000° C. | 34-57500° C. 0 | 0r37500° C. x
34:10000° C, | 3413750° C. 0 003750° C. o
34:10000° C, | 34-10000° C, 0 0 i
34:05000° C. | 33-92501° C. | 0-12499° C. 0 o
34050007 C. | 34:24998° C. 0 0-19998° C. -
33'95000° C. | 34:25000° C. 0 0-30000° C. | -
33525007 C, | 33-67500° C, 0 - 0-15000° C. &
33:52500° C. | 83 52500° C, 0 0 =
83100007 C. | 33-25000° C. 0 0-15000° C, 4
83:10000° C. | 32-87500° C. | 0-22500° C. | 0

1

| favour of

Resnlt in
===

Right side
Equality
Right side
Left side
Right side
Left side
Right side
Equality
Left side
Right side

=1

Left side
Equality
Right side

Eq u’;lit_}r
Left side
Right side

Equality
Lett side
Right side

el

£l
Equality
Rizht side
Lett side
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Tasre 3.

1st Parr.—Cases where the higher of the two temperatures
compared is 35° C., or above that point.

- Number .
Differences of temperature. Result in
SLUEDIG A ripera res, - In favour of i iﬂg;ﬁ: favour of
f = i A \ L ——
Left side. Right side. | Left side. | Right side.
35:70000° C. | 85+75555° C. 0 0-05555° C. 15 Right side
35-70000° C. | 35-72777° C. 0 0-02777° C. T - ;
35:70000° €. | 35-70000° C. 0 0 30 | Equality
35-65000° C. | 35°53889° C. | 0-11111° C. 0 15 Left side
35 60000° C. | 85-71111° C. 0 0-11111° C. 30 Right side
35:50000° C. | 85-61111° C. (1] 0-11111° C. 15 a
35:50000° C. | 35-77775° C. 0 0277757 C. » n
35-50000° C, | 35-58333° C. 0 0-08333° C. 3 2
35500007 C. | 35°55565° C. 0 0:05555° C. 3 _,,
35'50000° C. | 35-50000° C. 0 ] - Equality
35-40000° C, | 85°561111° C. 0 0-11111° C. 45 Right side
35:40000° C. | 35'48333° C. 0 0-08333° C, 30 -
85-40000° C. | 85-45555° C. 0 005555° C. 15 o
35-40000° C. | 35-44166° C. 0 0-04166° C. 5 »
35-40000° C. | 35'40000° C. 0 0 45 | Equality
35-40000° C. | 35-34445° C. | 0:05555° C. 0 15 Left side
35-40000° C. | 3535834° C. | 0041667 C. 0 o -
35-35000° C. | 3546111° C. (] 0-11111° C. 30 Right side
35°35000° C. | 35-40555° C. 0 0-05555° C, 15 s
35:35000° C. | 856-37777° C. 0 0-02777° C. - -
85-35000° C. | 85-35000° C. 0 0 30 Equality
35:30000° C. | 35-41111° C. 0 0-11111° C. . Right side
35-30000° C. | 85-46666° C. 0 0-16666° C. 15 -
35'30000° C. | 35-35555° C. 0 005555° C. - -
35-30000° C. | 35-30000° C. 0 0 45 Equality
35:30000° C. | 35-20277° C. | 0009723° C. 0 30 Left side
35-30000° C. | 35-17222° C. | 0-12778° C. 0 15 k.
35-25000° C. | 85-47222° C, 0 0:22222° C. 30 Right side
35°20000° C. | 35°56110° C. 0 0-36110° C. 15 =
35:20000° C. | 35:36666° C. 0 0-16666° C, o e
35-20000° C. | 3531111° C. 0 0-11111° C. 30 -
35:20000° C. | 35-26944° C. 0 0:06944° C. | s
35-15000° C. | 35-26111° C. 0 o11111°¢C. | 2
35°15000° C. | 35-24444° C, 0 0-09444° C. 15 -
3515000° C. | 35:15000° C. 0 0 » | Equality
85:10000° C. | 35-32222° C. 0 0-22222° (, ,, Right side
35°10000° C, | 35-23888° C. 0 0-13888° (. - o
35°10000° C. | 85°21111° C. 0 0-11111° C. s o
35-10000° C. | 35-19722° C. 0 009722° C. - o
35-10000° C. | 35:05834° C. | 0:04166° C. 0 o Left side
35:05000° C. | 3527222° C. 0 0:22222° C, o Right side
35°00000° C. | 35:11111° C. 0 0'11111° C. 45 -
35:00000° C. | 85'08333° C. 0 0-08333° C. 15 »
35:00000° C. | 85:00000° C. 0 0 30 Equality
35-00000° C. | 34:93066° C, | 0:06944° C. 0 15 Left side
34:95000° C. | 85°06111° C, 0 0-11111° C. - Right side
34:90000° C. | 85-12222° C. 0 0-22222° C, 3 5
34-90000° C. | 35°01111° C. 0 0-11111° C. s »
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TarLE 3.

2np Parr.—Cases where the higher of the two temperatures
compared is below 35° C.

| | Number :
Differences of temperature. Result in
Absolute temperatures. e n%f: of obser- faaer o
n P vations. i
r “k ' = |
Left side. Right side. Left side. nght Ell'].'E' ,
84-90000° C, | 34-99722° C. 0 | 0:09722° C. 45 Right side
34-90000° C. | 34:95555° C 0 | 005555 C. ' 30 "
34:90000° C. | 34-78889° l';‘ I 0-11111° C. 0 15 Left side
34-00000° C. | 84-90000° C. 0 0 30 | Equality
84:85000° C. | 34:91944° C. | 0 006944° C. o Right side
34:85000° C. | 34:62778° C. | 0-22222° C. 0 15 | Left side
34:80000° C. | 34 96666° C. | 0 016666° C. | 30 | Right side
34-75000° C. | 84:69445° C. | 0005555 C. 0 15 Left side
84:75000° C., | 34°834722° C. 0 009722° C 30 Right side
834:75000° C. | 34-75000° C. 0 D 45 Equality
84:75000° C. | 34-63889° C. | 0-11111° C. 15 Left side
34-70000° C. | 34-97777° C. 0 0277 ??“ C.| 80 | Right side
34:60000° C. | 34-82222° C, 0 0°22222° C. 5 »
34-60000° C. | 34-54445° C. | 0:05555° C. 0 15 Left side
34:55000° C. | 34-43889° C. | 0-11111° C. 0 J .
34-50000° C. | 34:68055° C. | 0 0:18055° C. 30 Right side
34-40000° C. | 34-45555° C. | 0 0:05555° C. 15 "
34-35000° C. | 34-46111° C. 0 0-11111° C. 45 Py
84:30000° C. | 34-18889° C. | 0-11111° C. 0 15 Left side
84-30000° C. | 3457777 C. 0 | 0-27777° C. 30 Right side
34-25000° C. | 34:30555° C. 0 0055556° C. | 15 o
34-20000° C. | 34-31111° C. 0 - 11111 C.| 80 a
34-20000° C. | 34-14445° C. | 0-05555° C. 15 Left side
34-07500° C. | 3435277 C. 0 O 2??’""" C. 30 Right side
33-80000° C. | 34:10555° C. 0 0-30555° C. | 15 o
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TapLe 4.

Ist Parr.—Cases where the higher of the two temperatures
compared is 35° C., or above that point.

« on Number .
Absolute temperatures. Ihftere;mes of temperature.| o o | Result in
n favour of. s favour of
r ek S = e =5 e
Left side. Right side. | Left side. Right side.
36-40000° C. | 36-40000° C. 0 0 15 Equality
36:30000° C. | 36-22500° C. | 0-07500° C. 0 - Left side
36:20000° C. | 36:20000° C. 0 0 " Equality
36:20000° C. | 3612500° C. | 0-07500° C. 0 o Left side
36-15000° C. | 36:15000° C. 0 0 30 Equality
36-15000° C. | 36-03889° C. | 0-11111° C. 0 15 Left side
36-10000° C. | 36-10000° C. 0 0 o Kquality
36-10000° C. | 36-00000° C. | 0-10000° C. 0 ” Left side
36:00000° C. | 35-90000° C. | 0-10000° C. 0 - Pl
36:00000° C. | 36075007 C. 0 0-07500° C. | Right side
36:00000° C. | 36:00000° C, 0 0 | 30 Equality
36-00000° C. | 35-85000° C. | 0-15000° C. 0 o Left side
36:00000° C. | 36-15000° C. 0 0-15000° C. 15 right side
35:95000° C. | 35:87500° C. | 0:07500° C. 0 - Left side
35-90000° C. | 85-78889° C. | 0r11111° C. 0 45 i
35:90000° C. | 35'90000° C. 0 0 - Equality
35-90000° C. | 36:01111° C. 0 0-11111° C. 15 | Right side
35'85555° C. | 35:80000° C. | 0-05555° C. 0 30 | Left side
35-85000° C. | 35:90555° C. 0 005555° C. 15  |Right side
35-80000° C. | 35'93888° C. 0 0-13888° C. 60 s 2
35-80000° C. | 35:85555" C. 0 0-05555° C. 75 33 12
35-80000° C. | 35-68889° C. | 0-11111° C. 0 15 Left side
35-80000° C. | 35°80000° C. 0 0 30 | Equality
35-75000° C. | 35°86111° C. 0 011111° C. 3 Right side
3575000° C. | 35°75000° C. 0 0 15 Equality
3570000° C. | 35-76555° C. 0 0-05555° C. |8 Right side
35:65000° C. | 35:76111° C. 0 0-11111° C. s ,, 3
35-65000° C. | 35-53889° C, | 0-11111° C. 0 - Left side
35°60000° C. | 85-48889° C. | 0-11111° C. 0 30 T
3560000° C. | 35°68333° C. 0 0-08333° C. 15 Right side
35°55000° C. | 35:66000° C. 0 0-11000° C. »” " »
3555000° C. | 35550007 C. 0 0 T Equality
35'50000° C. | 3577775° C. 0 0-27775° C. 90 | Right side
85:50000° C. | 35°38889° C, | 0r11111° C. 0 45 Left zide
35:50000° C. | 35-50000° C, 1] 0 30 Equality
35'45000° C. | 35°56111° C. 0 0-11111° C. 15 Right side
35:40000° C. | 35°45555° C. 0 005555° C. i » o
35:40000° C. | 35-28889° C. | 0111111° C. 0 e Left side
35-40000° C. | 85-32223° C. | 0:07777° C. 0 = Lo
85-40000° C. | 35:40000° C. 0 0 = Equalit
35-35000° C. | 35°51666° C. 0 0-16666° C. 30 Right side
35.35000° C. | 3537777° C. 0 0-02777° C. 15 - »
35:35000° C. | 35-18334° C. | 0-16666° C. 0 - Left side
35'35000° C. | 35°35000° C. 0 0 - Equality
35-30000° C. | 35'46666° C. 0 0-16666° C. = Right side
35-30000° C. | 35:24445° C. | 0-05555° C. 0 - Left side
35:30000° C. | 35-41111° C. 0 011111° C. " Right side
35:25000° C. | 35:18056° C. | 0:06944° C. 0 - Left side
35:20000° C. | 35-2565556° C. 0 0°05555° C. 30 Right side
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Number

Absolute temperatures. D]ﬁem;l: E;;i&f_mu%‘?mmm of E_bser- gf_z':l]: :il_.
- - o = e = Vations. : 4 4

Left side. Right side. | Left side. | Right side.
35°20000° C. | 35'20000° C. 0 0 45 Equality
35:00000° C. | 35-11111° C. 0 0-11111° C. 15 Right side
35:00000° C. | 35-00000° C. 0 0 - Equality
35:00000° C. | 34:97233° C. | 0002777 C. 0 " Left side
35°00000° C. | 34'88880° C. | 0-11111° C. 0 30 S
34:90000° C. | 35-01111° C. 0 0:11111° C. 15 Right side

TARLE 4.

2x8p Parr.—Cases where the higher of the two temperatures
cnmpa,red is below 35° C.

34-90000° C.
34-90000° C.
34-90000° C.
34:85000° C.
34-85000° C.
34-80000° C.
34:80000° C.
34-80000° C.
34-75000° C.
34°70000° C.
34:65000° C.
34-65000° C.
34-60000° C.
34-60000° C.
34-60000° C.
34-55000° C.
34:55000° C.
34-50000° C.
34-50000° C.
34-45000° C.
34-45000° C.
34:45000° C.
34-40000° C.
34-35000° C.
34-35000° C.
34-30000° C.
34:30000° C.
34-25000° C,
34-25000° C.
34-20000° C.
34-20000° C.
34-15000° C.
34:15000° C.
34-10000° C.
34-05000° C.
34'05000° C.
34-00000° C.
33-95000° C.
33-70000° C.
33-65000° C.
33-50000° C.
33:20000° C.

34-95555° C.
34-78889° C.
34-90000° C.
34-98888° (.
34:79445° C.
34-91111° C.
34:80000° C.
34°68859° C.
34-86111° C.
34-47778° C.
34-81666° .
34-53889° C.
84-71111° C.
34:60000° C
34-37778° C.
34'66111° C.
34-60555° C.
34-50000° C.
34-38889° (.
34-56111° (.
34:45000° C.
34:22778° C.
34-55000° C.
34-50000° C,
34-35000° C.
34-35555° C.
34-30000° C.
34-41666° C.
34-02778° C.
34°20000° C.
34-14445° C.
34-03889° (.
34-20555° (.
33-87778° C.
| 84-27223° (.
34:10555° C.

34-17222° (.
33-58889° C.
33-87222° C,
33-61111° C.
83-42222° (.

| 3411111° C. |

=

011111° C.

e
k=
it
L=
o
(!

=

—

=
schcecalocetofobcofeoo

— —

L] (=]

&
@ an

2
!

0-22

<
=
ok
H

[+]
Q

5
-

el
2

022 C.

(53]

022

clooocooao
£

2 C.
0:05555° C.
0-11111° C
0
0:22222° C.
0
0
0
0
0111117 C.
0

0
i}

005555° C.

0

0
0-13885° C.

0
a-11111° C.

0

0
0-11111° C.

0
0-16666° .

0
0-11111° C.

0

0
011111° C.
005555° C.

0

0
0:11111° (.

0

0
0-15000° C.
0r150007 C.

0
0:05555° C.

0
0-16666° C.

0

0

0

0
005555°

0
0-22222° (.
0:05555° C.
0-11111° C.
0-22222° (.

0

C.

i e

0-11111° C.
Q22233 (3,

15
L1
30
"
15
23
30
15
45
15
30
15
15
30
113
15
45
15
LH
30
15
30
15
ax
15
iy
1]
30
15
30
15
45
15
¥
¥

I

»n

Right side
Left side
Equality
Rizht side
Lieft side
Right side
Equality
Left side
Right side
Left side
Right side
Lett side
Right side
Equalit
Left side
Right side

¥ et
Equality
Left side
Right side
Equality
Lieft side
Right side
Equality
Right side
Equality
Right side
Left side
Equality
Left side

Right side
Lett side
Right side

¥ ip
et nde |
Right side

s "
3y ”
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Examining the above analysis, we arrive at the following
conclusions for each table :

TasLe 1.

Ist. The percentage of times of occurrence of superiority
of temperature on the left side is greater at the lower of the
two temperatures by 11-6279.

2nd. The percentage of times of occurrence of superiority
of temperature on the right side is greater at the higher of
the two temperatures by 9-3023.

3rd. The percentage of times of occurrence of equality of
temperature of the two sides is greater at the higher of the
two temperatures by 2-3256.

4th. Omitting the cases of equality of temperature, the
left side gains and the right side loses 15'162 per cent., at
the lower of the two temperatures.

TasLE 2.

1st. The percentage of times of occurrence of superiority
of temperature on the left side is greater at the lower of the
two temperatures by 6°250.

2nd. The percentage of times of occurrence of superiority
of temperature on the right side is greater at the lower of
the two temperatures by 12-946.

drd. The percentage of times of occurrence of equality of
temperature of the two sides is greater at the higher of the
two temperatures by 19-196.

4th. Omitting the cases of equality of temperature, the
two sides preserve very nearly the same percentages at the
two temperatures, the left side gaining and the right side
losing only 0-24 per cent., at the lower of the two tempera-
tures.
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TasLe 3.

1st. The percentage of times of occurrence of superiority
of temperature on the left side is greater at the lower of the
two temperatures by 7-2829,

2nd. The percentage of times of occurrence of superiority
of temperature on the right side is greater at the lower of
the two temperatures by 1-4005.

3rd. The percentage of times of occurrence of equality of
temperature of the two sides is greater at the higher of the
two temperatures by 8:6834.

4th. Omitting the cases of equality of temperature, the left
side gains and the right side loses 6:8068 per cent. at the
lower of the two temperatures.

TaBLE 4.

Ist. The percentage of times of occurrence of superiority
of temperature on the left side is greater at the higher of the
two temperatures by 8-8294.

2nd. The percentage of times of occurrence of snuperiority
of temperature on the right side is greater at the lower of
the two temperatures by 20-8514.

grd. The percentage of times of occurrence of equality of
temperature of the two sides is greater at the higher of the
two temperatures by 12-022.

4th., Omitting the cases of equality of temperature, the
left side loses and the right side gains 16:2991 per cent., at
the lower of the two temperatures.

Comparing together the results obtained from the four
tables given above, we find them to be, in a great measure,
contradictory of each other. In only one respect do all four
sets of observations agree, namely, in the existence of the
greater percentage of equality of temperature at the higher
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temperature. Tables 1, 2, and 3, agree in showing the
greater percentage of superiority of temperature on the left
side at the lower temperature; but in Table 4 the greater
percentage of this condition is found, on the contrary, at the
higher temperature. In Tables 2, 3, and 4, the greater per-
centage of superiority of temperature on the right side is
found at the lower temperature; but in Table 1 the greater
percentage of this condition occurs at the higher temperature.
In Tables 1, 2, and 3, the percentage of left superiority
increases, and that of right superiority diminishes, relatively
to each other, at the lower temperature,* while in Table 4
the reverse occurs, right superiority gaining and left supe-
riority losing, at the lower temperature.

In the following table the apportionment of tke higher per-
centages of the three conditions to the two temperatures, in
the four tables, is shown :

* In Table 2 the difference at the two temperatures is so slight that it may
be disregarded.



TasrLe 3. TaABLE 2. Tasre 1.

TasrLe 4,

S

(Left side
Right ,,
Equality

Lieft and right
sides alone.

Left side

A

A

SR

| Right ,,

Left side
Right ,,
Equality

Left and right
sides alone.

Left side
_Right ,,

[ Left side
Right ,,
Equality

Left and right
sides alone.

Left side
_Right ,,

((Left side
Right ,,
Equality

Left and right
sides alone,

Left side

| Right ,,

Ll

Ll
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Temperatures of 35° C.,
and above.

Percentages of excess.

: 0
9-3023
2:3256

. 0
6-8068

88294
. 0
. 12:022

. 162991
0

Temperatures below
35° C.

Percentages of excess,
11-6279
0
0

15-162

6250
12-946

0-24

W h2B2e
. 14005

. 6:8068
: 0

0
208514
0

0
16-:2991



25

No certain connection can, therefore, be traced in our
tables, by the method of analysis pursued, between frequency
of oceurrence of superiority of temperature on either side, and
the degree of absolute temperature of the parts examined ;
but a relation between absolute temperature and the fre-
quency of occurrence of equality of temperature of the
two sides would appear to exist, the greater percentage of
equality being found at the higher absolute temperature.

Passing, in the next place, to the second of our two prin-
cipal methods of analysis, namely, that which deals with the
average absolute temperatures found with the conditions of
right and left superiority of temperature and of equality of
temperature, respectively, we obtain the following results
from our tables :
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Axavysis or Tapies 1, 2, 3, AnD 4.

Absolute temperatures.

A.—Cases where the higher of the two temperatures compared
is 85° C. or above that point.

TaBLe 1 (1st Part), Tapre 2 (lsr Parr).
|
tﬂe:fnepr:f:_ ' Average tAe v;;;g: Average
ture of cases tempera- ture of cases tempera- A
of superi- ‘ture of both| Average of superi- ture of both| Average
otiby oEtein sides taken d:ﬁ'ervncrslm.ltyﬂt.t&m_ sides taken 111&'1:1-?11::-33
together of : together 0
p:r;{?;rﬁnﬂdf in the cases| tempera- I;E;?;':r:n{:j‘f in the cases| tempera-
of equahty' uf : ture. of equality G.f . ture.
of tempe- superiority of tempe- superiority
e of a side. s of a side.
= o | [u 1 =] o -
Lgfﬁ side.....|35-505565°C.|35-41111°C. 0-18888°C.|35-69166°C.[35:60729°C. 0-16875°C.
Right side...|35°66066°C. 35°49136°C. 0-14940°C.135-67740°C. 35-60023°C. 0r15432°C.
Equality .....[35-38846°C. 35:61153°C.
Both sides. Both sides.
0°16124°C. 0-11215°C.
Left side......... 35-9°C. —35'0°C.......36:1°C. —35-0°C.
Extremes | Rishy side ......36:125°C.—84'9°C.. ... 86-325°C.—35-0°C.

TasLe 8 1st (Part).

Right slde

Extremes

Left side.. |3:.n 30625°C. 35 26614°C., [D ~08020°C,
Equa.hty e 35:34642°C.

Right side

-

.[35-38767°C.[35-32807°C. IIII 11919°C.

TaprLe 4 (lst Parr),

|
35'67718°C. 35'60952°C. ll] -09781°C.
35-70451°C. 35°32100°C. ﬂ']ﬂﬁlﬂqﬂ
35°72500°C

...... 35-777°C—34:93°C...

Both sides. Both sides.
Tt =
0:11342°C. 0:11564°C.
Left side......... 85-7°C. —34:9°C. ......364°C.—349°C.

Fana SE'JFU.—E 4‘33‘3‘3{‘:1
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Awarysis or Tapres 1, 2, 3, axp 4.

Absolute temperatures.

B.—Cases where the higher of the two temperatures compared
is below 85° C.

Tasie 1 (2np Parr). Tasre 2 (28D Parr).
ti:ui’r:ﬂi f.?eragﬂ i:;ﬂs:':ie_ f_veragﬂ
| tempera- empera-
tmf'e ol E“fes ture of both| Average tu;e of cases ture of both| Average
n:.it;‘ﬂ:le;- sides taken diEerenuesln?it;'ﬁ:::b sides taken rdiﬂ‘ﬂmncm
Desabnre O . together of perature of | together of
T the cases| tempera- YA in the cases| tempera-
of eq'uality' o i Hhcea o equality oy " AL
5 e superiority OF fprayie= superiority
bt of a side. e of a side.
|
Left side..... 34-41428°C. 34-20794°C.|0°22195°C.|34-25714°C.|34-15446°C.|0-20535°C.
Right side... 34°43874°C.|34-33555°C.|0°20933°C.|34-43508°C.|34-34170°C. 0-18674°C.
Equality .....34-46250°C.| 34-30416°C.
Both sides. Both sides.
— e
0-21503"C. 0-19266°C.
i Left side.........34'9°C. —331°C. ......849°C. —33'10°C.
™57 Right side ......34'975°C.—33:025°C.......34:975°C.—82:875°C.

Taere 3 (28D Part).

TasLe 4 (28D Parr).

| |
34-47857°C. 3440913°C. 0-13888°C.
34°47882°C.(34°41644°C.[0°12477°C.
34:51250°C. |
Both sides.

===
10°12864°C.

Left side...../834°61250°C. 34‘561341“"(3-!0'10415‘3[3.
Right side... 34:691858°C. 3461404°C. 0-15564°C.
Equality ...../34:81000°C.|
Both sides.
——
0-14451°C.
Frtvariics Left gide......... 349°C. —33-8°C.

34977°C.—34105°C.

i
oeenn349°C. —33:2°C.
34:988°C.—33:422°C,




Anavysis or Tasies 1, 2, 3, AxD 4.

Absolute temperatures.

c.—Both sets of cases—those at or above and those below
35° C.—taken together.

(1sr anp 28D Parrs).

TasLe 1 TasLe 2
(1st axp 2Nxp Parrs). (1st axp 28D Parms).
I Average : Average 2
temprem‘ feﬁ;:?::a tempera. iﬁ;ﬁ:
tu?:: of CA%E5 ture of both. Average Jm? of cases e of both Average
it | sides taken difference OL SUPETL- | o es taken |differences
orityoftem| “yooother | of  |CRYOMtOMS Ciogether | of
perature off;, p. ooces tempera- perature of ;) ¢je cases tempera-
a side and | a side and £
of equality lsupegfority bure. | of equality Eaupegicrity e
of tempe- i of tempe- SRl
rature. rature.
| |
Left side...../34:84130°C.|34-73353°C. 0-22206°C.[34:91923°C. 34-78846°C.|0-18846°C.
Right side ..|35°06174°C.|34-97429°C. 017884°C.|35-:01187°C. 34-92602°C. 0-17169°C.
Equality .....[34:94400°C. 3519868°C.
Both sides. Both sides.
ettt i
0:19508°C. 0-17701°C.
Ext Left side.........859°C. —33-1°C. ......36-1°C. —3310°C.
FUC e Rightiside ... 36:125°C.—33:025°C...... 36:325°C.—32:875°C.
TaprLe 3 TasLe 4

(Ist anDp 2ND PARTS).

Right side

Left side.....[34:95937°C.
Right side...|35:11863°C.
Equality .....|35°-20526°C.
Extromes Left side......

7

35-27764°C.
35°40166°C.]

34-91328°C.[0:09218°C.
35-05519°C.10-13291°C.
Both sides.
:l"_'_'h"_‘ll
0 12606°C.
...35°7°C. —33-8°C.

36°4°C.—33:2°C.

||||||

e o2 36°777°C.—84-105°C.......36:4°C.—83-422°C.

l
35-20989°C.
35 08327°C. 3486252°C. 01 2642°C.

0°11269°C.

Both sides.
i'__'hﬁ
0-12141°(C,
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From the above analyses we deduce the following con-
clusions :

(a) Cases where the higher of the two temperatures com-
pared is 35° C., or above that point.

1st. Where the absolute temperature of the side only
which in each comparison shows the higher temperature,
and also the absolute temperature of the two sides in cases
of equality of temperature are regarded, the apportionment in
each table of the highest average absolute temperatures is as
follows :

[“1st *” signifies highest average absolute temperature, and
““2nd” and “3rd” correspond respectively to lower averages.]

TasLe 1. TasLE 2.

Ist. Right side. 1st. Left side.
2nd. Left side. 2nd. Right side.
3rd. Equality. srd. Equality.

TasLE 3. TarLE 4.

1st. Right side.
2nd. Equality.
3rd. Left side.

Ist. Equality.
2nd. Right side.
ord. Left side.

2nd. Where the absolute temperatures of both sides are
averaged in each case of superiority of a side, the absolute
temperature in cases of equality being taken as before, the
apportionment in each table of the highest average absolute
temperatures 1s as follows :

Tapre 1.

Ist. Right side.
2nd. Left side.
srd. Egquality.

TapLE 3.

. 1st. Equality.
2nd. Right side.
grd. Left side.

TaBLE 2.

1st. Egquality.
2nd. Left side.
3rd. Right side.

TABLE 4.

Ist. Fquality.
2nd. Left side.
ord. Right side.
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(B) Cases where the higher of the two temperatures com-
pared is below 35° C.

1st. Where the absolute temperature of the side onmly
which in each comparison shows the higher temperature, and
also the absolute temperature of the two sides in cases of
equality of temperature are regarded, the apportionment in
each table of the highest average absolute temperatures is as
follows :

TapLe 1.
1st. Equality.

2nd. Right side.

Srd. Left side.

TasLE 3.

1st. Hquality.

2nd. Right side.

3rd. Left side.

TasLE 2.

Ist. Right side.
2nd. Equality.
srd. Left side.

TasLE 4.

1st. Egquality.
2nd. Right side.
3rd, Left side.

2nd. Where the absolute temperatures of both sides are
averaged in each case of superiority of a side, the absolute
temperature in cases of equality being taken as before, the
apportionment in each table of the highest average absolute
temperatures is as follows :

TasLe 1.
1st. Egqguality.

2nd. Right side.

3rd. Left side.

TarLE 3.

- 1st. Equality.

2nd. Right side.

3rd. Left side.

TasLe 2.

1st. Right side.
2nd. Equality.
drd. Left side.

TABLE 4.

1st. Equality.
2nd. Right side.
3rd. Left side.

(c) Both sets of cases—those at and above 35° C., and
those below that point—taken together.

Ist. Where the absolute temperature of the side only
which in each comparison shows the higher temperature,
and also the absolute temperature of the two sides in cases
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of equality of temperature are regarded, the apportionment
in each table of the highest average absolute temperatures is
as follows :

Tasir 1. TasLE 2.

1st. Right side.
2nd. Equality.
srd, Left side.

TazsLE 3. TapLE 4.

1st. Equality. 1st. Equality.
2nd. Right side. 2nd. Left side.
3rd. Left side. srd. Right side.

1st. Equality.
2nd. Right side.
ord. Left side.

2nd. Where the absolute temperatures of both sides are
averaged in each case of superiority of a side, the absolute
temperature in cases of equality being taken as before, the
apportionment in each table of the highest average absolute
temperatures is as follows .

TasrLe 1.
1st. Right side.
2nd. Equality.
3rd. Left side.

TasLE 8.

1st. Equality.

TapLE 2.

1st. Equality.
2nd. Right side.
ord. Left side.

TarLE 4.

Ist. Equality.

2nd. Left side.
drd. Right side.

2nd. Right side.
Srd. Left side.

Comparing the above results, we find here, as in the
case of our first method of analysis, marked contradictions in
the different sets of experiments. Under the heading (a)
we find in the first of its subdivisions that Tables 1 and 3
agree in showing the highest average absolute temperature
in favour of superiority of temperature of the right side, but
here all similarity between the two ends, for the order of
precedence of superiority on the left side and of equality is
the opposite in the two cases. Table 2 shows the left side
to have the highest average, and equality to have the lowest
average, while Table 4 shows an order exactly the reverse.
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In the second subdivision of (a) Tables 2, 3, and 4 agree in
giving the highest average to equality ; and Tables 2 and 4
further agree in giving the lowest average to the right side ;
but in Table 1 the right side holds the first place and
equality comes last. Coming to the heading (B) we find, in
the first subdivision, Tables 1, 3, and 4 agreeing with each
other, equality having the first and the left side the last
place in all three cases ; but in Table 2 the right side comes
first, the left side coming last, as before. In the second
subdivision of (8) Tables 1, 3, and 4 also agree, with the
same order as above; Table 2 having likewise the same
order that it had in the first subdivision. Lastly, under the
heading (¢) in the first subdivision, Tables 2 and 3 agree,
equality holding the first and the left side the last place.
Table 4 also gives the first place to equality, but the last to
the right side ; while in Table 1 the right side comes first
and the left side last. In the second subdivision of this
heading the order in the several tables is the same as in the
first subdivision.

In the whole twenty-four sets (eight under each heading)
equality holds the first place in sixteen, or two thirds ; while
in the remaining eight cases the right side comes first in
seven cases. In seventeen cases the left side shows the
lowest average, the right side coming last in four, and
equality coming last in three cases.

It would seem, however, that the division of each table
into two great parts, according as the temperature is above
or below 85° C., and the consequent separate analyses of
these two parts under the headings (a) and (B), are less
likely to furnish accurate information on the points under
consideration than the analysis of the two parts of each
table taken together, as under the heading (c). The reason
of this is that, in the analysis of the separate parts, the
lower values, in the case of the first part of the table, and
the higher values, in the case of the second part of a table,
are on debatable ground, not being near either the upper or
the lower limits. The absolute values included in the com-
parisons are, therefore, comprised, in the one instance,
between the mean level and the upper limit of temperature,
and, in the other instance, between the mean level and the
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lower limit of temperature, and not between the two extremes.
As a result of this artificial division of the observations, if a
given condition—equality, for instance—happen to be of
frequent occurrence about the mean level, the conclusions
respecting this condition may be contradictory in the two
parts of a table. In the first part the condition may show
relatively a low, and in the second part relatively a high,
average absolute temperature. This is shown, in point of
fact, in Table 1, where equality exhibits in the first part the
lowest and in the second part the highest average absolute
temperature. Butif, in consequence of the above objections,
we regard only the results of the combined two parts of each
table, we still find it impossible to reconcile the contra-
dictions obtained. Tables 2, 3, and 4 give the highest
average absolute temperature to equality, but Table 1 gives
the precedence to the right side, equality holding the second
place. Now, if the differences between the temperature of
equality and the temperatures of right superiority in Table
1 were insignificant compared with the similar differences
existing in the other tables, where equality holds the first
place, we might be tempted to regard it as a rule that the
highest average absolute temperatures are associated with
equality. Let us see what these differences are. The dif-
ferences in Table 1 between the temperature of equality and
that of right superiority in the two sets of values in the table
are, respectively, 0'11774° C. and 0:03029° C. The dif-
ferences between equality and the condition holding the
second place in the other three tables are as follows :—Table 2.
—0-18681° C. and 0-27266° C.; Table 3.—0-08663° C.
and 015207° C.; Table 4.—0:12402° C. and 0:19227° C.
The results might, indeed, lead us to ignore as unim-
portant one of the differences of Table 1, that of 0:03029°
C.; but the other difference is too marked to be set aside.
Moreover, this latter figure is the more important of the two,
as it belongs to the set of values representing the absolute
temperature of the side alone on which superiority of tempe-
rature exists, whereas the first difference belongs to the set
of values which represent the average temperature of both
sides taken together in each comparison, and which, there-
fore, do not fairly represent the extreme height to which

3
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the absolute temperature may rise in the case of superiority
of temperature on a side.

1f, on the other hand, we look to the lowest averages, we
find that in three of the tables the left side holds the lowest
place, the right side coming last in one table. Applying the
same test in this case which was applied above, let us see if
the differences of temperature between the wvalues for the
right side and those for the left side in Table 4 can be
neglected, thus establishing a rule of the coincidence of the
lowest average absolute temperature with superiority of tem-
perature on the left side. The differences between the two
lowest values in the several tables are as follows :—Table 1.
—0°10270° C. and 0-21047° C.; Table 2.—0-09264° C. and
0-18756° C. ; Table 3.—0-15926° C. and 0:13991° C. ; Table 4.
—0:19437° C. and 0-34687° C. Looking at these figures,
it is, of course, impossible to ignore the differences shown
in Table 4.

We are thus finally forced to choose between concluding
that no one of the three conditions of superiority of the right
side, superiority of the left side, and equality of the two sides
respectively, exhibits a definite and fixed preference for a
higher or lower absolute level than the others, or the rejec-
tion of some of our tables and the exclusive acceptance of
others. There is not, however, the slightest justification of
this latter course to be found, for the observations of the
several tables were made with the same care and under
equally favorable conditions, and are, therefore, equally
reliable. And in this connection we see the value of the
accidental division into the four tables of the entire mass of
observations, due, as it was, simply to the fact of there being
four distinet periods of investigation. Moreover, each table
contains a sufficient number of observations to preclude its
rejection in favour of another on the score of numerical
inferiority.

The result, then, of our two principal methods of analysis
has been to furnish but a single satisfactory conclusion, the
one derived from the first method and already given on page
21, namely, that the percentage of frequency of occurrence
of equality of temperature is greater at temperatures at or
above 33° C. than at temperatures below that point. If we
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relied solely on Table 4, we might consider it as further
proved (in accordance with the theory mentioned at the ount-
set on page 4) that superiority of temperature on the left
side is relatively more frequent at the higher than at the
lower levels of absolute temperature, while superiority of
temperature on the right side is relatively more frequent at
the lower than at the higher levels ; but, as just stated, we
have no right to adopt the results of one table to the exclu-
sion of those of anofher.

There are, however, certain points in our tables which
have not come within the scope of our two methods, which
demand attention.

If we examine the tables near the upper and lower limits,
we see that the extent of range is not equal in all the tables.
Taking, on the one hand, only those observations in which
the higher of the two temperatures is at or above 36° C., and,
on the other hand, only those observations in which the
higher of the two temperatures is below 34° C., we find at
the start that Table 8 is excluded from any examination
based upon such limitations, and that Table 1 furnishes but
fifteen observations falling within the upper limit.

Analysing the observations in the several tables included
in the limits specified, we obtain the following results :

(p) Temperatures at or above 36° C.

TazrLe 1. TasLe 2. TapLE 4.
Number Number Number
In favour of obser- Per- of obser- Per- of obser- Per-
of vations. centages. vations. centages. vations. centages.
Left side...... 0 ... 0 series 15 o0 2000000 ... 105 ... 41-17647
Right side ... 15 .., 1000000 ...... 45 ... 600000 ...... 45 ... 1764706
Equality...... O . 7 TET N O 15 ... 2000000 ...... 106 ... 4117647
Total... 15 Total.,. 75 Tatal,.. 255

() Temperatures below 34° C.

TasLE 1. TaBLE 2. TaAsLE 4.
Left side......... 15 ... 25:0000 ...... 15 ... 25°0000 ...... 15 ... 25-0000
Right side ...... 45 ... 750000 ...... 30 ... 5000000 ...... 45 ... 750000
Equality......... e Tl 1], e (£ 15 ... 25:0000 ...... 0 ... 0

Total... 60 Total... 60 Total... 60
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In the above sets of results we again encounter contradic-
tions. Part of Table 1 is of doubtful wvalue, owing to the
limited number of observations made at the higher tempera-
ture. Omitting this part of the table, and regarding only
the part under the heading (), we find a total absence of
equality and a decided predominance of right superiority of
temperature. If we refer to the same table in the former
comparison of percentages on page 21, we see how marked
this excess in favour of the right side is. Table 2, however,
shows a decided balance in favour of the right side at the
higher temperature, the percentages for the left side and for
equality being each ome third of that for the right side ;
while at the lower temperature the percentage for the right
side diminishes, and the percentages for the left side and for
equality increase. In Table 4, onthe contrary, at the higher
temperature right superiority shows the smallest percentage,
left superiority and equality having here the same percentage,
which is more than twice that for the right side ; still further,
at the lower temperature in this table equality is absent and
right superiority is greatly in excess of left superiority.

If we take the individual observations within these last
limits, we find that the highest absolute temperature noted,
36:4° C. (Table 4), accompanies equality ; the second highest
temperature, 36:325° C. (Table 2), accompanies right supe-
riority ; and the third highest temperature, 36:3° C. (Table
4), is found with left superiority. The lowest case of supe-
riority of a side, 33:1° C., and which occurs twice, is In
favour of the left side (Tables 1 and 2); the second lowest
case, 33:25° C. (Table 2), is in favour of the right side; and
the third lowest case, 33:325° C. (Table 1), is also in favour
of the right side.

We will now make another and last analysis, embracing,
on the one hand, those cases in which the higher of the two
temperatures compared is not below 35'5° C., and, on the
other hand, those cases in which the higher of the two tem-
peratures compared is not above 34:55° C.

The following are the results obtained by this last analysis :
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No satisfactory conclusions can be drawn from the above
analysis. In two of the tables (Tables 1 and 4) the per-
centage for superiority of the left side diminishes at the
lower temperature, while in the other two tables it increases
at this temperature. In Table 1 the percentage for supe-
riority of the right side is greater at the higher temperature,
while in the other three tables it is greater at the lower
temperature. In one case (Table 1) equality of temperature
shows an increase at the lower temperature; but in Tables
2 and 4 the percentage of this condition is diminished, and
in Table 3 no case of equality is found at the lower tempe-
rature.

Summing up the results of all our analyses, it would seem
that the degree of absolute temperature has no definite
influence on the frequency of occurrence of superiority of
temperature on either side of the head, and but a limited
influence, at best, on equality of temperature of the two
sides ; at every absolute level each of the three conditions
may be found with varying frequency at different times.

It would, seem, therefore, that the rises and falls of abso-
lute temperature, by which the balance of superiority of tempe-
rature is shifted from one side to the other, or by which equality
of temperature of the two sides is brought about, follow, in a
great measure, no definite law, but are governed by agencies
which are liable to constant variation. The two sides are
not, then, like two furnaces which have unequal limits of
range, but in which the production of heat is carefully con-
trolled so as to cause simultaneously in both regular increases
or diminutions of energy, one surpassing or falling below the
other only at certain fixed points, and then simply because
the thermal limit of one has been reached ; but they rather
resemble two furnaces of equal range, but the fires of which
are, to a certain extent, managed independently of each other
and with a variable degree of regularity, the relative powers
of the two being thus uncertain, and either one likely at any
moment to surpass the other.

There is one other point to be noticed in conclusion,
namely, the comparative degree of difference of temperature
between the two sides of the head at different absolute
levels. Looking back to the analysis of absolute tempera-
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tures on page 26, we see that, with one exception, the ave-
rage degree of difference of temperature between the two
sides is greater at the temperatures below 35° C. The
single exception is in Table 4, where the average difference
of temperature in the cases in favour of the right side is
slightly less at the lower temperature. As the absolute level
rises, therefore, the average difference between the two sides
would seem to diminish; but a glance at the tables will
show many exceptions to this rule, the irregular and unequal
rises and falls of the temperatures of the two parts bringing
about as great differences even near the extreme limit as
those shown at the lower levels,

The causes of these irregularities are undoubtedly many
and complicated, some existing in the brain and some in the
tissues external to the latter. The writer has elsewhere
dealt to a certain extent with some of these causes, and it
suffices to say now that their existence and unmanageable
nature must throw grave doubts on the reliability of conclu-
sions drawn from examinations of the temperature of the
head in disease, unless much greater latitude be given to
normal variations of temperature, both absolute and relative,
than has generally been accorded by those who have given
special attention to this subject.

—————

PRINTED BY J. E. ADLARD, BARTHOLOMEW CLOSE.
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EXPERIMENTS

ON THE EFFECT OF

VOLUNTARY MUSCULAR CONTRACTIONS

ON THE

TEMPERATURE OF THE HEAD.

In the spring of the present year, Dr. R. W. Amidon, of
New York, published a series of experiments entitled, *“ The
Effect of Willed Muscular Movements on the Temperature of
the Head : New Study of Cerebral Cortical Localisation.”” *
By these experiments the author sought to prove, not only
that willed muscular movements canse elevations of tempera-
ture at the surface of the head, sufficiently marked to be
capable of detection with thermometers, but also, that the con-
tractions of different muscles affectthe temperaturesof different
well-defined areas of the integument of the head ; each muscle
—according to him—having a special thermal centre in the
cortical substance of the brain, the temperature of which
centre is increased, when the musele acts, in a degree suffi-
cient—both absolutely, and relatively to the rest of the
cerebral surface—to produce a change of temperature, in a
circumseribed area of the overlying integument, appreciable
by means of instruments of no great delicacy. Thus con-
traction of the quadriceps extensor cruris of one side caused
an average rise of 0-409° C., on the opposite side of the head,

# Prize Essay of the Alumni Association of the College of Physicians and

Surgeons of New York, March 12th, 1880; published in ¢ Archives of Medicine,’
April, 1880 ; also published separately by G. P. Putnam’s Sons, New York.
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in a space commencing 300 mm. behind the root of the
nose, and extending backwards, on the median line, 80 mm.,
and laterally, from the same line, 50 mm.,—the extremes of
rise of temperature being 1-:388° C., and 0:1388° C.; * while
contraction of the orbicularis palpebrarum of one side
produced a rise averaging 0-342° C. (the extremes were
0-833° C., and 0°1388° C.), on the opposite side of the head,
in a space situated about 100 mm. above, and a little to the
rear of the external auditory meatus, and having a diameter
of about 18 mm.

Dr. Amidon’s method of procedure was as follows :—A
number of thermometers (Seguin’s surface thermometer, as
improved by Dr. Gray, of Brooklyn, was employed) were
placed at different points on the head, and secured to the
latter by means of a quadrilateral piece of sheet rubber with
straps and buckles at the corners, the rubber being pierced
with holes for the passage of the stems of the instru-
ments.

After ten or fifteen minutes of quiet, the readings of the
thermometers were taken, and the subject then commenced
to make vigorous contractions of some particular muscle or
group of muscles (tonic and clonic spasms alternating pro-
duced the best results) for from five to ten minutes. - Af
the end of five minutes from the cessation of the contractions
the readings of the thermometers were again noted. “ If a
marked rise of temperature is noticed in any one of them,
the other thermometers must be brought together and con-
centrated about this spot so as to define the area over which
the rise of temperature takes place as narrowly as possible.”
Proceeding in this way, Dr. Amidon mapped out some
twenty-five districts on the surface of the head, as thermal
centres of a corresponding number of muscles or groups of
muscles.

As long ago as 1866-67, one of the writers of the present
paper (Lombard), while experimenting with thermo-electric
apparatus on the influence of different mental states on the
human temperature, was led to try the effect of muscular
contraction on the temperature of the head. In doing this

# Dr. Amidon’s values are given in Fahrenheit degrees, hence the extended
decimals given above and in other places.
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he had no idea of a production of heat in the brain, specially
connected with the muscular contraction per se; the
muscular effort was made use of simply as a means of strongly
fiving the attention. In the majority of these cases no
effect was produced ; but in a few instances, slight rises of
temperature were noted—0 005° C. to 0:02° C. It was found,
moreover, that simply holding up a finger between the eye
and an object regarded intently, at a little distance, and
moving the finger at regular intervals to one side and back
again, so as, in turn, to cover and uncover the object—pains
being taken to move the finger to the same distance each
time, and to accurately cover the object at each return—was
more effective in causing a rise of temperature in the head,
than strong contractions of the muscles of the arm or of the
leg. At a more recent date (1877) the same person having
occasion, in further experiments on the influence of mental
activity on the temperature of the head, to study the effect
of composition, thought it desirable to eliminate any possible
disturbance arising from the muscular action concerned in
the writing. It was found, however, that the mere mechani-
cal movements of the pen were without effect.

In the investigations now to be given all the essential
experimental details laid down by Dr. Amidon have been
carefully observed ; thermo-electric apparatus, however, has
been substituted for thermometers, both as being far more
sensitive, and also as enabling the observer to deteet the
slightest variation of temperature at any moment of the
experiment. The particular apparatus employed has been
fully described elsewhere.*

In the experiments “ zero” denotes the temperature of
the head at the commencement of the observations, and the
“plus ” and ““minus” signs denote, respectively, rises
above, and falls below this initial point. Where the words
“stopped contractions” occur, they refer to the time
tmmediately preceding them ; for example, in 1st experiment
on contraction of extensors of leg, &c., the contractions were
stopped at the end of the tenth minute. Other words put

# J. 5. Lombard, * Experimental Researches on the Regional Temperature of
the Head,” London, 1879, Idem, ¢ Archives de Physiologie Normale et Patho-
logique,’ July—August, 1868, t. i, p. 498,
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in the margin refer to the times opposite to which they are
placed. The experiments were all made on the writers
themselves.

Bzperiments on the econtraction (simultaneously) of the extensor
muscles of the leg andof the toes (quadriceps extensor cruris;
and the extensors proper of the toes), and of the flexors of the
tarsus wpon the leg (tibialis anticus, and peroneus tertius).
Thethermo-pile wasapplied at pointsvarying from 310 mm’s.
to 370 mm’s. distance from the root of the nose, measured on
the median line, and from 10 mm’s, o 40 mm’s. distance
laterally from thesame line.  The pile was on the left side of
the head, and the muscles of the right side were contracted.

1st Experiment.

1% deflection of galvanometer is equal to 0°004166°C.

Rize or fall of temperature.

Time from , . -
commencement Deflections of Ther mometric
of coutractions. galvanometer. values. Comments.

— e — —

At the end of —

Oiminutes oo i A 0° Commenced contractions.
3 e R e — BN e eaTi i a —00208°C

5 B A e s =10 s iirinnnen . —00416°C

6 i e — i —00333°C

i e e e e D e —0r0166°C

8 B lasann A R e T

N e — .

10 el T e — B —00124°C.

Stopped contractions.

12 e e = [, PRy .—00416°C.

14 3 eeieessssieraae=—00 e riiienese s —F2083C,

15 1 ernereesenenssi—20% it iiiararnna . —0r0833°C,

In the above experiment, the temperature, at the
end of the third minute succeeding the commencement
of the contractions, had fallen 0:0208° C. below the starting
point. During the remaining seven minutes of contractions
it fluctuated between 0:0416° C., and 0-0124° C., both values
being below the initial temperature. After the cessation of
the contractions, the temperature fell “still lower, being
0-2083° C. below the starting point, at the fourth minute,

=
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and 0-0833° C. below this point at the close of the observa-
tion five minutes after the cessation of the contrac-
tions, and fifteen minutes from the commencement of the
experiment. In this experiment, therefore, there was
throughout a depression of temperature. Itis not, however,
probable that the muscular movements had much to do with
the principal fall of temperature noted towards the close of
the experiment. There was undoubtedly a tendency in the
head toward a lower thermal level, irrespective of any special
influence connected with the experiment. These falls of
temperature—with corresponding rises—are of frequent
occurrence in the head, and if not carefully watched, and
duly accounted for, are apt to lead the experimenter to very
erroneous conclusions. They are most probably seated in
tissues external to the brain—mnotably the integument—and
have, therefore, no tmmediate connection with cerebral action.
Their causes are in many, if not in most cases, obscure;
for while some may be accounted for by changes of the
temperature of the air, alterations of the general circulation,

&c., in a large number of instances these influences afford
no explanation.

2nd Experiment.
1° deflection of galvanometer is equal to 0-004166°C.

Rise or fall of temperature.

Time from ‘ \
commencement Deflections of Thermometrie
of contractions. galvanometer. values. Comments.
At the end of—
EEmnbes .. e s 0 0 e SRRt 0° Commenced contractions.
3 T e e B e 0032370,
4 U e PR e e + 0:0625°C.
6 a3l iasessieasesesem— DSl daesaese s 0RO ZOB7C.
? L) vandannmn BE R A meEssmsEsEEmEEs ET]
10 S A frootFce e —18°...evnen .. —0"0750°C,
Stopped contractions.
15 b B o ot W e e 0°
16 Sl et s + 1. +FOD416°C.

We have here, at first, a rise of temperature amounting,
at the end of four minutes, to 0:0625° C. But in the suc-
ceeding two minutes a fall ensued to 0:0208° C. below the
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starting point. At the end of the tenth minute—when the
contractions were stopped—this fall had increased to 0-075° C.
below the initial temperature. During five minutes succeed-
ing the close of the contractions the initial temperature was
regained, and finally, at the end of the sixteenth minute, a
positive rise of 0:00416° C. had taken place. In this experi-
ment there was, therefore, during the contractions, on the
one hand, a positive rise of 0:0625° C., and, on the other
hand, a positive fall of 0-075° C.

3rd Experiment.
1° deflection of galvanometer is equal to 0-004166°C.

Rise or fall of temperature.
Time from A

= N 2
commencement Deflections of Thermometrie
of contractions. galvanometer. values. Comments.

—_— — o —_—

At the end of—

0 minutes .......couenees L e e e Commenced contractions.
3 R e e = | 1] b b

6 S e ke b N e e, 0°

8 ) [ | — [ 17 1. O

9 e L [ P e o 1 12 7 B

10 e e S e DD BRI

Stopped contractions.

13 o e e R e e AT BT

14 e S o A R + 0:0208°(.

15 T omtasArmAnEem R e Anoear 1

In this experiment the temperature, at first, fell 0:0124° C. ;
then rose to the starting point, but fell back, at the eighth
minute, to 0:0458° C. below the zero. Af the ninth minute,
it had again attained the starting point, and had passed
0-00416° C. above the latter ; but at the tenth, and last, minute
of contraction, it had fallen 0:00416° C. below the starting
point. Three minutes after the contractions ceased there was
a positive rise of 0:0416° C.,—which was, however, reduced to
0-0208° C. in the two minutes following. We have here,
then, a maximum rise of 0:0416° C., and a maximum fall of

0-0458° C.



4th Experiment.

1° deflection of galvanometer is equal to 0-004166°C.
Rise or fall of temperature,

Time from

— =
commencement Deflections of Thermometric
of contraetions. galvanometer, values. Comments.

At the end of —

LU e e R R | R 0° Commenced contractions,
3 " !HHh--lh----_llq-----”.--..-n..—"D'D"LE‘BGU.

4 S e e SR o°

R e 1 [ e

6 " R 10,.-."-uu....—-—ﬂ'Wilﬁnc.

g o A AR T e e {11

Stopped contractions,

8 ol AR SRR e L o°

A A L O ORRCE

10 i R PG p L P e o +0-0250°C.

11 e L e S

12 e e Tt GO i L e +0'0166°C.

In the above experiment, after the contractions com-
menced, the temperature fell, reaching, at the end of three
minutes, a point 0'0458° C. below the zero. It regained the
latter point, however, during the next minute, and at the
end of the fifth minute indicated 0-00416° C. positive rise.
At the end of the seventh minute—when the contractions
were stopped—the temperature had fallen back to 0-0083° (.
below the zero. Daring the five minutes following the close
of the contractions, the temperature again regained the
starting point, and passed 0025° C. above it (tenth and
eleventh minutes).

Maximum Ti8e ......coeeeceeeennas D'Dﬂri]ﬁ”ll} . -
D ractions,
N S SO O e e
i rise ERA R PR EEEEEEEE R ﬂ'ﬂgﬁaﬂ- -ﬂtﬂ.'rﬂl' ]

oth Experiment.

1° deflection of galvanometer is equal to 0-008602°C.

At the end of —
TR st v oninins) | | AD sus v s et aas 0° Commenced contractions,

7 < R T e e T R e S —00344°C.

10 ) i-l-l1-l-1r|++l1-l_1h‘$niil+l+!-l‘ll--+l._0-13?ﬁ:lc'
Stopped contractions.
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Rise or fall of temperature.
Time from i —

—
commencement Deflections of Thermometric
of contractions. galvanometer. values. Comments.

At the end of —

—20°,.iveirs e —0r1720°C.
Li lﬁ,ii.ielj L 16{—16"... ..“..—G'IETE"U.]» Temperature oscillating.
7 e S —01032°C.

In this experiment, after seven minutes’ contractions, the
temperature had fallen 0:03844° C. ; and when the contractions
ceased, at the end of the tenth minute, this fall had
increased to 0°1376° C. During six minutes’ succeeding
the close of the contractions, the temperature fluctuated,
being successively 0:172° C., 0:1376° C., and 0-1032° C.—all
below the starting part. A part of the fall, when at its
greatest, is, however, probably explainable in the same way
as the fall in 1st Experiment, and is, therefore, independent
of the muscular action.

6th Experiment.

1° deflection of galvanometer is equal to 0-008602°C.
At the end of —

O mMInNEeE i i i 0° Commeneced contractions.
T e +0'0344°C.

| ol s R e e e 0°

6 e SR et —27 iiies e —000172°C,

Stopped contractions.

13‘ I} samsrammsdEEEEE | 3] EEESEFssasamwEaa =, (1]

In this experiment the temperature rose, in the first two
minutes, 0:0344° C.; but in the next minute it declined to
zero, and at the close of the contractions it was 0:0172° C.
below that point, maintaining this latter position at the end
of the experiment.

7th Experiment.

1° deflection of galvanometer is equal to 0°007539°C.

At the end of—
O i, e ety T e 0° Commenced contractions.

Liein } Sy L ke R —0 0377°C.
7 }-{ g P 0° }Tumpm-ﬂture oscillating.
2 J 8% e ireeenens +0-0877°C

(=== R o]

1
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Rise or fall of temperature.

Time from A

commencement I)cﬂu::t_imm of Therm::r:nel;ric
of contractions. ralvanometer. values, Comments.
At the end of —

1 L e 1 ey s 0°

6 SRS SO - s

7 T PRI OE  oL re e e

5 SN P et A =

R et L e e timnanin 2

Stopped contractions.

s e h Y e T O e o

We have here, during the first four minutes, an oscillation
about the starting point as a centre, with a range below and
above of 0:0377° C.; and subsequently, during the remain-
ing five and a half minutes of contractions, and for five

minutes of repose afterwards, a maintenance of the initial
temperature.

8th Experiment.

1° deflection of galvanometer is equal to 0-007539°C.
At the end of —

OIS RSS! | ol 0 Commenced contractions.
DS L 5 B minutes 5 ieseeessses 3
B mINNEES .. 0eriinees R s een see==00150°C.

E1 u, ]-I:' miuultes REEEE {]Uilu EREREE ERE T n Dﬂ

Stopped contractions.
11, 12, 13, 14, 15, 16

v e e 2 R e s

In this experiment for the first six minutes no change of
temperature occurred. At the end of the seventh minute a
fall of 0-015° C. was noted. From this time forth, to the
end of the experiment, the initial temperature was maintained.

9th Experiment.

1° deflection of galvanometer is equal to 0-:008602°C,
At the end of—

O minubtes ... ..ovevnenes O e 0° Commenced contractions,
1 §§  wssssssEssiamns FP EemcaramumsEaEm ¥
2 35 HERREE EEEEEET AT ) sssmsdmmamanmEw 1]

-3 FT] WEAEEE G E o R i sssessmamssnaanm 111
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Rise or fall of temperature.

Time from r e =
commencement Deflections of ~ Thermometric
of contractions. galvanometer. values. Comments.

At the end of—

4 MR - o cvei srannn D e en fh s s +0:0516°C.
5 Er] S ASE A Ed B +i, l--u-----l-----+ ¥
E 9 PR L L Dﬂri-li-i-l-ll-l spmmas ﬂn

? i1 BESsss AL gEEE _4ﬂ---iil1ir1-Fli+_n.ﬂ3:i'4'nci
Stopped eontractions.

— 7% rerr e e —0r0602°C,
8, 9;:-::;1}:;:& 13, 14{ —47 . eiaeeees e —P0344°C, } Temperature oscillating.
il | T R Y —0-0086°C.

Here we have, first, during three minutes, the initial
temperature maintained ; then a rise of 0:0516° C., preserved
during the fourth and fifth minutes; then a return to zero,
with a subsequent fall of 0°0344° C. below that point.
During seven minutes after the contractions ceased the tem-
perature fluctuated, being, in turn, 0:0602° C., 0-0344° C.,
and 0:0086° C., below the starting point.

10th Experiment.
1° deflection of galvanometer is equal to 0°008602°C.

At the end of—
0 minutes ....coeivnenes L o 0° Commenced contractions.
T — (O
l* 2' 3, 4, 5’ ﬁj ?, ?é ﬁﬂ lllllllllllllll 0 L'.l‘; E- : -
R 0t e aes S 0° Temperature oscillating.
B +0:0258°C.
Stopped contractions.
__ER o a
8’9, 1'}] 11’ 12}13’ 14’ EG..-...-...-.--._G {]"1&3 U- 2 .
1c ibiamnnie 0. i, 0] Temperature oscillating.
' Ao + 0r0258°C.

In this experiment, during seven and a half minute’s con-
tractions, the temperature oscillated on both sides of zero,
with a range of 0:043° C. below, and of 0:0258° C. above
that point, this oscillation continuing during eight and a half
minutes following the cessation of the contractions.
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11th Experiment.
1° deflection of galvanometer is equal to 0°008602°C.

Rise or fall of temperature,
Time from - . \
commencement Deflections of Thermometric
of contractions. gulvanometer. values. Comments.

—_— —_— -_—

At the end of —

T LT e P A 8 e e o° Commenced contractions.
e ot S T [
1 and 2} minutes...... —4°...............—00344°C.
—0°, i =007 T74°C.
3’ tﬁi’uf;:' Sy 1D {—d_-"'........,.,,.“—l’_‘l'{}B-iJl-“U. } Temperature oscillating.
B e o L T 1 o
Stopped contractions.
k) et i e
11, 12, 13, 14, 15, 16, :L:gg*;ﬂg . B
1%7. 18 minutes... | ot : : emperature oscillating,
e + 0-00B67C.

In this experiment, after a rise in the first half minute of
0-0516° C., the temperature declined to 0-0344° C. below the
starting point, subsequently fluctuating between 0-0774° C.
below, and 0:0086° C. above the zero, during the remaining
seven and a half minutes of contractions, and also during the
eight minutes of repose which followed.

12th Experiment.

17 deflection of galvanometer is equal to 0-008602°C.
At the end of—

L0, 7o Pt it £ R | e R 0° Commenced contractions,
1 L e o = 0

S e A b mmntes....ci ka5

6 minntes....ccciveviene 3 iiiinninenais +0:0258°0.

7, 8,9, 10 minutes ... +p5 ceeerivirinnnt @

Stopped contractions.
11, 12, 13, 14, 15, 16
I b e R R e s e T

In the above experiment the temperature rose during the
first minute 0°043° C., and maintained this elevation to the
end of the fifth minute, when it fell back to 0:0258° C. above
the starting point, retaining this position during the remain-
ing minutes of contraction, and for six minutes of repose
following. '
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13th Experiment.
1° deflection of galvanometer is equal to 0-008602°C,

Rise or fall of temperature.
P

Time from i —_
commencement Deflections of Thermometrie
of eontractions. galvanometer. values. Comments.

At the end of—

(LB i AT S e N | 0° Commenced contractions.
e —0-0172°C.

1,2,3,4,5,6,7 minutes{ e 0° }Tempemturenscillatiug.
+2°%, . iaeieennenns +000172°C,

Stopped contractions.
11 Win0tes cevienrersirns == eranrnnecenrn . =—00430°CL

12 E1] Ve SRS e {}D--------n-.---- {’}ﬂ

We have here, during the time of tle contractions, an
oscillation about the starting point of 0:0172° C. above and
below the latter. At the end of the fourth minute after the
contractions ceased, the temperature had fallen to 0:043° C.
below the zero. Finally, at the close of the experiment, at
the end of the twelfth minute from the commencement of
the observations, the temperature was at the starting point.

14th Experiment.

1° deflection of galvanometer is equal to 0-008602°C.
At the end of—

O MIDNEEE .ovvvecmnennnnn e 0° Commenced contractions.
1!| 2' 3! 4, 5’ ﬁ, ?r =] _'J-'D.q. ............. —ﬂ'[]ﬁﬂﬂﬂﬂ.
minutes............{ OF s 0° } Temperature oseillating.
+4%iariseses +0°0344°C,
Stopped contractions.
9, 10, 11, 12, 13, 14{—’?n ......... —{lﬂﬁ:ﬁlﬂ C.} )
L L e i 0 Temperature oscillating.
b T R +0-0344°C,

In this case, during the eight minutes of contractions,
the temperature oscillated about the starting point with a
range of 0°0602° C. below, and of 0:0344° C. above the
latter. This oscillation persisted during the six minutes
following the close of the muscular action.
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15th Experiment.

1° deflection of galvanometer is equal to 0-004166°C.,

Rise or fall of temperature.
Time from A

r =
commencement Deflections of Thermometrie
of contractions. galvanometer. values. Commenta.

At the end of—

0O minutes........c..e Yk e s 0° Commenced contractions.
3 I S B AR RS O T
5 i reevesmsrees — L0 L =0T BRPC
G s seeenvansens =—110% i iiniiinn e —0r4583°C,
1 e R R U AP —0-6250°C.
10 i eaeeesssse — 100N, e == O O TCE

Stopped contractions.
15 Y et a e —853%... i ciiians —1-4708°C.

In this experiment, we have a decided and continuous fall
of temperature from the commencement to the end of the
observations ; the fall at the close of the experiment amount-
ing to 1'4708° C. This marked depression of temperature,
like those given in lst and 5th Hxperiments, was, however,
beyond doubt, in a great measure independent of the experi-
ment, its coincidence with the latter being simply accidental.
This experiment, in fact, furnishes an excellent example of a
rapid and decided lowering of the general level of tempera-
ture in the head, where no special cause of disturbance could
be proved to exist.

16th Experiment.

1° deflection of galvanometer is equal to 0004166°C.
At the end of —

0 minutes.....cveere [} Bkt g i S 0° Commenced contractions.
e - | A L .
6 e T —100%. .. eerviinns . —0rA166°C,
7 e L —0-6458°C.

Stopped contractions.
12 T PSR TR s e —1-4916°C.

We have here again a decided and persistent fall of
temperature during whole of the observation, probably
explainable, in great part, like the resunlts of the last experi-
ment, by a lowering of the general level of temperature
irrespective of the muscular action.
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17th Experiment.

1° deflection of galvanometer is equal to 0°004166°C.
Rise or fall of temperature.

A

Time from

commencement DEﬂEGEﬂI]S of Thermu-:';:letrin
of contractions, galvanometer. values. Comments.
At the end of—
O minutes............ e 0° Commenced contractions.
2 i R e el e B LT N ki
3 e e | e 5 T 2
o T 1 1 [1- s oy PR o 4 07 e L B0
Stopped contractions.
10 R e T

This experiment shows a decided rise of temperature,
setting out from the commencement of the observations,
and amounting, at the end of the fifth minute—when the
contractions were discontinued—to 0°4791° C. At the close
of the experiment—at the end of the tenth minute—the
temperature was still 0-4791° C. above the starting point.
This was undoubtedly a case of elevation of the general
thermal level—the opposite, in fact, of what occurred i the

preceding two experiments.

18th Experiment.

17 deflection of galvanometer is equal to 0-0070422°C.
At the end of—

0 mi'nrltea"'""‘""'""' Dn-i-!l-l-lllll--r-i-ii- {}D CﬂmmEﬂCEdCﬂﬂ"TﬂGtiOnE-
[— o (2]
1, 2, 3, 4’ 5, B’ J?'J JF'& g,u‘...i‘”...-“._ﬂ‘ﬂgfz GI T = i :
INOULES .0yeenannss emperature oscillating.
+ 2% e ceevrneese. +0°0140°C.,

Stopped contractions.
12} !llinutﬂﬂ L RN L R +4Lﬁr|-++|q|.|-ii... 'E'G‘UE’BI.D'(:#
133 e e b e s S R

In this experiment the temperature of the head fluctnated
during the seven and a half minutes of contractions, being,
in turn, at 0°% and at 0°0352° C. below and 0-014° C. above
that point. After the contractions ceased the temperature
rose, attaining, at the end of twelve and a half minutes from
the commencement of the experiment, 0-0281° C. above the
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starting point, and rising still higher by 0:00704° C. in the
succeeding minute.

19th Experiment.
1% deflection of galvanometer is equal to 0-0070422°C-

Rise or fall of temperature.
Time from e

| |
commencement Deflections of Thermometric
of contractiona. galvanometer. values, Comments.

At the end of—
0 minutes ...ceinieerieee Prnninniinnnin 0° Commenced contractions.
By issearsiveasen B +04225°C.
Stopped contractions.

9 FF ] --nuu........+Tlu..huu-...“.+ﬂ'53mnc-

In this experiment a marked and rapid rise of temperature
ensned, amounting at the close of the experiment to 0:5° C.
above the starting point. The comments made upon 17th
Experiment are equally applicable to the present case.

20th Experiment.

1° deflection of galvanometer is equal to 0°0070422°C.
At the end of—

IR s car st O S aeamaiinsinns o° Commenced contractions.
1.2,8,4.5.6, Tminutes  ,, cooesrnsranrns o
Stopped contractions.
1 T e e R G~ SRS [ 1 [ 1 B

In the above experiment the initial temperature remained
unaffected during seven minutes’ muscular action. During
five minutes subsequent repose the temperature fell 0:014° C.

21st Experiment.

1° deflection of galvanometer is equal to 0-0070422°C.
At the end of—

O mMINUEES ...ovnnereninns e 0° Commeneed contractions.
1,2, 8,4, 5,6 minutes  ,, .oeuveiairiaies i
F minutes ....vevvenienin - A e 0r0140°C,
Stopped contractions.
8, 9, 10, 11, 12, 13} —3: ............... -—ﬂ'DE;ll‘:'C. e
T { | R Viradas 0 : Temperature oscillating.
0o, i e +00211°C.

P
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In this case, for the first six minutes of contractions, the
temperature was unaffected, but in the seventh minute a fall
of 0:014° C. took place. During six and a half minutes’
repose following the contractions the temperature fluctuated
about the starting point, with an equal range above and
below the latter of 0:0211° C.

22nd Experiment.

1° deflection of galvanometer is equal to 0-0070422°C.

Rise or fall of temperature.
Time from A~

commencement Deﬂeeﬁuna of Thermn:netrin
of contractions. galvanometer. values. Comments.
At the end of—
O MINNLEE verernresronies S B L o Commenced contractions.
S e —0'0281°C.
1,2,3,4,5,6,7,8 miuut.es{ ke Pk 0° } Temperature oscillating,
47 e ienenenses +000281°C,
Stopped contractions.
—4 i, —0°0281°C,
% 11‘_:; i}s’ Eﬁf E’EHL'{ 2, g 0° }Tempcmture oscillating.
; o T T el

In this experiment, during eight minutes’ contractions,
the temperature oscillated about the zero, with an equal
range above and below this point of 0:0281° C. Eight
minutes of repose, following the contractions, showed no
change, the fluctuation continuing with the same limits as
before.

23rd Experiment.

1° deflection of galvanometer is equal to 0-0070422°C.

At the end of—
Ominmbes s e R R 0° Commenced contractions.
1,2,8,4,0,6, 7minutes  , coviceriasesces "

Stopped contractions.
B.I ﬂ;l 1[}} 11’ 12 LF] Y sisavepebnEdEad L E ]

No change of temperature either during or after the
contractions.
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24th Experiment.

1° deflection of galvanometer is equal to 0:0070422°C,

Rise or fall of temperature.
Time from A

= G |
commencement Deflections of Thermometric
of contractions. galvanometer. values. Comments.

— —— —

At the end of—
TT Cerh e e e e | AN o° Commenced contractions.
TS 4 b G rminntes v =

Stopped contractions.
8, 9, 10, 11, 12 n A T e i

No change of temperature either during or after the
contractions.

25th Experiment.

1° deflection of galvanometer is equal to 0-0070422°C.
At the end of—
0 minutes ..... it i an s, 0° Commenced contractions.

1,2,8,4,5,6, 7 minutes ,, ...esnsivionns -
Stopped contractions.

B, g_, 10, 11; 12 a FH mbikadd pi WA R REA 35

No change of temperature either during or after the
contractions,

26th Experiment.

1° deflection of galvanometer is equal to 0-0070422°C.
At the end of—
O minotes ....coininaies L S 0° Commenced contractions,
1,2,8,4, 5, 6, T minuteg 5 ..iceeiianinn -
Stopped contractions,
L T b A L e S e

No change of temperature either during or after the
contractions,

27th Experiment.

1° deflection of galvanometer is equal to 0-0070422°C.
At the end of —
D minubes: .. S o’ Commenced contractions.
1,23, 55,6, T minntesd o cceccuissaanes o
Stopped contractions,
89 10,11,12 e S i
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No change of temperature either during or after the
contractions.

28th Experiment.
1° deflection of galvanometer is equal to 0-0070422°C.

Rise or fall of temperature.
Time from — e -
commencement Deflections of Thermometric
of eontractions. galvanometer, values, Comments.
At the end of—
I e e s R T e 0° Commenced contractions.
1]2]3}4| 556_, TminutEE B svddsEREdpgREEd 15

Stopped contractions.
BJ 9} 1'!}.* 111 12 " P otiEaasaEba i 5

No change of temperature either during or after the
contractions.

29th Experiment.

1° deflection of galvanometer is equal to 0°0074022°C.

At the end of—
0 minutes..coeevren. A o0 B L s o° Commenced contractions.

1, 2’3)4}5|ﬂ_’ ?minutes Fy samrai@pEiEE AR k1]
Stopped contractions.

B’ ﬂj 1[}' 11- IE' an PP BAREEE aRbAREAE ] £ ]

No change of temperature either during or after the con-
tractions,

30th Experiment.

1° deflection of galvanometer is equal to 0-0074022°C.

At the end of—
Ominubes e 02 oo 2 Commenced contractions.

1,2,3,4,56 6, 7Tminutes ,; .iiieesinsises B
Stopped contractions.

B‘ 9, lﬁ, 11, 12 [T LE] TN AR N R RN ] FE ]

No change of temperature either during or after the con-
tractions.
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81st Experiment.

1° deflection of galvanometer is equal to 0-0045°C.
Rise or fall of temperature.

Time from p T
commencement Deflections of Thermometric
of contractions. galvanometer. values. Comments.

— — —_— —_—

At the end of—
T ITLIL T A ACTR PRS0 ! | s e i PO Commenced contractions,

1,3,3,4, 51 E?miuut'ﬁﬂ EE ] FER A AR AN RN AN 3
Stopped contractions.

B! 9:I lﬂllljlz i k5] varudibppnnan TRy [T

No change of temperature either during or after the con-
tractions.

32nd Experiment.

1° deflection of galvanometer is equal to 0-004166°C.
At the end of—

[E 3k - e S R T | R 0° Commenced contractions.
2 = R S D L1 | e R veens +0:4166°C.
3 4'1 5] E; T ]IlilllltEE LLL | + i (EEEE LR N + "

Stopped contractions.

In this experiment the rise was probably in great part
due to an elevation of the general thermal level, such as we
have before considered in 17th and 19th Experiments. There
was in this case no observation of the temperature after the
close of the contractions.

We will now analyse the thirty-two experiments thus far
given ; and to this end, we will first divide them into eight
classes, as follows, giving the numbers and percentages of
cases belonging to each class, and also designating the
particular experiments in which they are found :

Number of Per- Where found.
cases, centages. -
-_ — Experiments.
a. Cases of rise of temperature withoutfall 1 ... 3125 .. 12th.
b, i fall % = rise 2 .. 6250 .. 8thand 20th.

c. & rise of temperature counter-
balanced by equal fall below} 4 ... 12600

{’Fth, 18th, 21st
starting point... oo .

and 22nd,
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Numpoer of Per- Where found,
cases. centages. -

ks — Experiments.
d. Cases of rise and fall together, the fall }B 95000 {E;g;’ilﬁx}i’;ﬁ?
" = (L L) 3 ] L)
being greater than the rise and 14th.
e. - rise and fall together, the rise
being greater than thefall. 1 ... 31256 ... 6th,
23rd, 24th, 25th,
i s temperature remaining un- }9 98125 26th,27th,28th,
chanpad oG "1 29th, 30th, and
31st.
g. T rise to higher general level ..., 3 ... 9375 ... 17th, 19th, and
32nd.
h. o fall to lower general level ... 4 .. 12500 ... 1st, 5th, 15th,
and 16th.

Omitting the seven experiments attributed to change of
thermal level, we have left twenty-five results, in fourteen
of which a rise was—at some period—noted ; although in
all but two of these cases (12th and 6th Experiments), the
rise was either counterbalanced or outweighed by a fall, and
in one of the two (6th Experiment), the rise was immediately
succeeded by a fall to the initial temperature, and subse-
quently to a point below the latter. We have, therefore,
only a single instance that can fairly be addnced as evidence
of a rise of temperature due to muscular contraction.* On
the contrary, we have two cases of independent fall, and
eight cases in which the fall was in excess of the accompany-
ing rise.

Making a new table out of the twenty-five cases open to
discussion, we have the following values:

Number Per-
of cases, centages.

@. Cases in which a rise of temperature either existed inde-

pendently or predominated ............... 2 8
b, pe » 4 fall of temperature either existed inde-
pendently or predominated ............. . 10 . &0

# If the three experiments (17th, 19th, and 32nd) attributed to rise of general
thermal level he taken into account as possibly connected, in any decided degree,
with the muscular movements, we must, in justice, give an equally important place
to 1et, 5th, 15th, and 16th experiments, in which the muscular exertion was accom-
panied by ajall of temperature. The two sets of cases would thus counter-
balance each other.
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Numhber Peras
of cnses.  centages.

e. Cases in which both a rise and a fall of equal extent

Elﬁﬁtﬁd AEE B FE R E RN E RS R R EEE DT R 4 LT Iﬁ
& »»  no change of temperature ccemrred ...... 9 ... 36

From the above figures it will be seen that the cases in
which a full of temperature predominated were the most
numerous. Next in number come the cases where no change
of temperature occurred, while the instances in which a rise
predominated show the smallest figure of all.

Taking, in each of the fourteen experiments in which a
rise occurred, the highest thermometric value attained
(whether found during the contractions, or in the subsequent
period of repose), we find the average greatest rise to be
0:03637°C. ; the extremes being 0:0625° C., and 0:0172° C.
In the fifteen cases in which a fall occurred, the average
greatest fall was 0'04124° C., the extremes being 0:0774° C.,,
and 0-014° C.

Of seventy-three experiments on the quadriceps extensor
cruris (the most powerful of the muscles concerned in the
experiments in hand) tabulated by Dr. Amidon,* thirty-
seven showed a rise of temperature, twenty-three a fall of
temperature, and in thirteen no change occurred. The
percentages of the three conditions were, therefore, as
follows :

Rise of temperature....cocvveeriiianicnins 50-6849 per cent.
Fall e e 41-5068 er
Temperature unchanged .................. 17-8083 -

The average rise of temperature in the thirty-seven
cazes in which this condition existed, was 0:40915° C., the
extremes being 1-38875° C., and 0:13888° C.; these figures
being, respectively, eleven, twenty-two, and eight times
the corresponding values found by the writers.

* Op. cit., p. 35
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Experiments on the contraction of the muscles of the calf.
The thermo-pile was placed at a point distant from the
root of the nose 290 mm, on the median line, and distant
laterally from this line 25 mm. The pile was on the left
side of the head, and the muscles of the right side were
contracted,

1st Experiment.

1% deflection of galvanometer is equal to 0-004166°C.

Rise or fall of temperature.
Time from A

commencement !}eﬂe-:.{tiﬂnﬂ of Thermu;netric
of contractions, galvanometer, values. Comments.
At the end of—
D MINUbea; srseaiines D0 gmme 0° Commenced contractions.
1, 2’, 3’ 4". 5] Ej minutﬁﬂ FF wnaamwnn (AR RLE] 3%
10 minutes ....eeveiens e —(-0291°C.
Stopped contractions.
£ i R —0:0416°C.
i1, 12:’ 1:-':’ Ll | e aa e s s —U'GEQI“G.}Tempemtura oscillating.
e S | e LT A

In this case during the first six minutes of muscular action
the temperature was unaffected ; at the end of the tenth
minute, however, it had fallen 0:0291° C. below the starting
point. During the six minutes of repose following it fluct-
nated, 0°0416° C., 0:0291° C., and 0:0166° C., all below the

starting point, being noted.

2nd Experiment.

1° deflection of galvanometer is equal to 0°004166°C.
At the end of—

N N e e it il e irmm e s e 0° Commenced contractions.
R R by —0:0208°C.

1,2,3,4,5,6,7 minutes { 0%, e 0° }Temperature oscillating.
+ 5%, it vrersnaanass + 0°0208°C,

Stopped contractions.

=B, erenascnr s o =—0r0208°C,

8,9,10,11,12 miuutES{ Hrratamtly Chiek 0° } Temperature oscillating.
+ 5% eseeinnnennse + 0°0208°C,

Oscillation about the starting point, with a range of
0:0208° C. above and below the latter, marked the seven
minutes of contraction and the five minutes of subsequent
repose of this experiment.
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3rd Experiment.

1° deflection of galvanometer is equal to 0°-004166°C.
Rise or fall of temperature.

commencement Deflections of Thermometric

of contractions. galvanometer. values. Comments.

At the end of —
0 minutes ...... By 7 bl Y 0° Commenced contractions,
1,2,8,4.5,6,7minutes  ,, .coisessscisrnns -

Stopped contractions.
Bfg}lﬂ!IlFlz »n 33 vammEEadRdRE R 1]

No change of temperature either during or after the con-
tractions.

4th Experiment.

1% deflection of galvanometer i3 equal to 0-004166°C.

At the end of —
0 MINUtes voevvrrvnsees | o . o° Commenced contractions.

1,2,'3’4,5|B’7 miﬂ“tﬂs 3y smaEddrnmnmiben 1)
Stopped contractions.

8,0,10,11,12 3t i Teaen sAsiuinie o

No change of temperature either during or after the con-
tractions.

We have, as the results of these four experiments, one
case of fall of temperature (0:0416° C. at its greatest) (Ist
Experiment) ; one case of equal rise and fall, of 0:0208° C.
(2nd Experiment) ; and two cases in which no change of
temperature occurred (3rd and 4th Experiments).

Seventy-three experiments on these muscles, tabulated by

Dr. Amidon,* give the following values :

Number Percent-

of cases, ages.
Rise of temperature ..... 42 ... 575343 ... Average rise, 0:37037°C.
Fall - nees 9 ... 12:3288 ... Maximum, 09722°C.
Temperature unchanged... 22 ... 301369 ... Minimum , 0-1388°C.

* Op. cit., p. 36,
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Ezxperiments on the contraction of the biceps of arm. The
thermo-pile was placed at distances from the root of
the nose, on the median line, varying from 180 mm. fo
200 mm., and laterally at distances from the same line of
25 mm., 30 mm., and 40 mm. The pile was on the left
side of the head, and the muscle of the right side was
contracted.

a
1st Experiment.

1° deflection of galvanometer is equal to 0:004237°C.
Rise or fall of temperature.

Time from

commencement Dcﬂeétiuns of Thermometric
of contractions. galvanometer. values. Comments.
At the end of —
0 minmbes ...ceciianinins A dr e s 0° Commenced contractions,
1 7 vor =17 e e o —0r0042°C,
2 AR D PR e + 0:0211°C.
3 R —2% e —0r0084°C.
4 2 e R —0-0211°C.
5 5 et R 1) o i SR B + 000042°C
i U T e I e +0:0211°C
T 5 e S A e —0-0338°C.
8 e e o B A A e —00381°C.
Stopped contractions,
P L i —00338°C. 5
Sl 1]:’ 12, 13, 14’{ S B e -r-ﬂﬂﬂﬂ"ﬂ.}Tempemture oscillating,
LI e L £6°....0c000nne.. +00254°C:

In this experiment the temperature alternately fell below
and rose above the starting point during the eight minutes
of the contractions, the greatest fall being 0:0381° C., and the
greatest rise 0°0254°C. During the seven minutes of repose
succeeding the contractions, the temperature fluctuated, touch-
ing, successively, points 0:0042° C. and 0:0254° C, above, and
0:0338° C. below the initial temperature.

2nd Experiment.

17 deflection of galvanometer is equal to 0°004166°C.

At the end of —
O MINates ...sssrevesns e 0° Commenced confractions,

1,2,3_14‘,5‘, E,?miﬂllt-{,‘ﬁ 35 PR s RRARENETGEE 51
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Rise or fall of temperature,
Time from A

Fi =,
commencement Deflections of Thermometric
of contractions, galvanometer. values. Comments.

—— == —

At the end of—
B IMINUEEE ...vemrernneres T uirarensenssnan+ 00208°C,
Stopped contractions.
010,311,112 13minutea 0%, cceviniaisne 02

In this experiment at the end of eight minutes of con-
tractions a rise of 0-0208° C. had occurred. During the five
minutes of repose following, the temperature fell back to
the starting point, and stood there at the close of the
experiment.

3rd Experiment.

1° deflection of galvanometer is equal to 0°004166°C.
At the end of —

L o e i Y o e R 0 Commenced contractions,
12 3, 4. b, 8 minntes .y e o
7 minutes ..... SRt ERC e +0025°C.

Stopped contractions.
8,9, 10,11, 12 minutes 0%..c.ceviviinnns 0°

In this experiment at the end of seven minntes’ muscular
action, the temperature stood at 0:025° C. above the starting
point. Subsequently a fall to zero ensued, and this latter
temperature was preserved during five minutes of repose,

4th Experiment.

1° deflection of galvanometer is equal to 0-004166°C.
At the end of—
Ominntes Goceiieias [ e 0° Commenced contractions.

Stopped contractions,
8,9,10,11,12 L AL 2 :

No change of temperature either during or after the con-
tractions.

bth, 6th, 7th, 8th, 9th, 10th, 11th, 12th, 13th, 14th, 15th,
and 16th Experiments were made under the same conditions
as 4th Experiment, and furnished the same negative results
as the latter.

Our sixteen experiments may be grouped as follows :
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Number of Peor- Where found.
cases. centages, —

- - Experiments.
a. Cases of rise of temperature, followed by a
fall to the starting point ......... 2 ... 1250 ... 2nd and 3rd.
b. »  riseand fall together, the fall being
greater than the rise......co00000s 1 ... 620 ... 1lst.
€. »  temperature remaining unchanged 13 ... 81'26 ... 4th to 16th
inclusive.

Dr. Amidon has tabulated the results of sixty-two experi-
ments on this muscle.* From them we obtain the following
values :

Number of Per-
cases. centages.

Rise of temperature..,......... 40 ... 646161 ... Average rise, 0'2868°C.
Fall = ceraasasand el e IB4ASLT .. Maximmm;,, [1257C.
Temperature unchanged...... 18 ... 290322 .., Minimum, 00555°C.

-

Eaperiments on the contraction of the trapezius and the levator
anguli scapule. The thermo-pile was placed at a point
distant. from the root of the nose, on the median line,
120 mm. to 130 mm., and distant laterally from the same
line 20 mm. {0 40 mm. The pile was on the left side of
the head, and the muscles of the right side were con-
tracted.

1st Experiment.

1° deflection of galvanometer is equal to 0°004237°C.
Rise or fall of temperature,

Time from — im0
commencement Deflections of Thermometric
of contractions. galvanometer. values. Comments.

Jre— —_— — —

At the end of—

TN LEa firanaias sl vyt Vrnins 0 Commenced contractions.
1 e ot AT e R T L P R

DS 5 PN T b L S L1~ 6

3 o O o O T i E e 1

e e e e T L

4 . B S R | 0l S

7 e R L e L o —0r0254°C.

6k . ke e L =001 A5,

[ it o I R g e + 2% iiveneeiannne +00084°C.

* Op. cit., p. 24.
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Rise or fall of temperature.

Time from F = o
commencement Deflections of Thermometric
of contractions. galvanometer. values. Comments.

_— — —

At the end of—

?mi-l'lutﬂl- (TR SRR Dﬂll-illlll!ill-i+l D‘i'-"
Stopped contractions.
i nnnns LEE —{00254°C
8 9 10,11 minutea{ AC e {]'{]169°U: }Tem perature oscillating.
2T s O~y LU —0-00423°C.

We have here, during seven minutes of contractions
(with the exception of a temporary rise of 0:0084° C. in the
sixth minute), a temperature continuously at or below the
starting point, the maximum fall being 0:0466° C. During
four minutes of inactivity immediately following the con-
tractions the temperature fluctunated between 0:0254° C.
below, and 0:0169° C. above, the starting point. When the
experiment closed—at the end of the twelfth minute from
the commencement—the temperature was 0-00423° C. below
the zero.

2nd Experiment.

1° deflection of galvanometer is equal to 0°004237°C.
At the end of—

T i s s 0° Commenced contractions.
2 TS G EE A EE ey R _lﬂ'ﬂ ............... _D.ﬂiﬂaaCi
3 ¥y WA AR EER AR E R +El} ||||||||||||||| +G.ﬂ211“0.
4 ’? FER R AR PR +1G'I'Illll'lllll PR ERER +ﬂ.0ﬂ423ﬂcl
4‘% J? LA RS RN ER N NN +1ﬂalll TR ER T ERY] Ill+ﬂ.ﬂ423¢c"
5‘ 1w EEEEEV AR R R AR +Eq||tttl¢r|-'|n¢l 'I'D'U'GB‘.‘!QC.
ﬁ ¥ 20 EwssmmEk irsmEwa _Eﬁ-p.,--....-...p|||_0.{]211°"3l
? 1 W ""'""-20‘ ||||||||||||||| a—-ﬂ'{l[}B-’f"’C_
Stopped contractions.
E 3 200 s pEmNERgsEaRe +2$||.--p"q';-l-p +D.DUB§.I!QGI
10 T . . S~ 1 1 . B3
'-"30...."-”-.4 pyq-ﬂ'ﬂlz?ac- " s
1 e e { R AR +0:0211°C. }Tenperature oscillating.

In this experiment the temperature fell and rose unsteadily
during the seven minutes of contractions, the maximum fall
and the maximum rise being each 0:0423° C. At the close
of the contractions the temperature stood at 0°0084° C.
below the starting point. During the subsequent period of
repose the temperature varied between 0:0127° C. below, and
0:0211° C. above, the starting point.
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3rd Experiment.

1° deflection of galvanometer is equal to 0:004237°C.
Rise or fall of temperature. -

Time from ’ - \
commencement Deflections of Thermometric
of contractions. galvanometer, values. Comments.

At the end of—

0 minutes ...oeeiiieinin 1 e R T 0° Commenced conthactions.
T R v e G S s wrree OB,
R e we F 2% e + 00008470,
A e e o L S L +00127°C,
B e = i he —0'0127°C.
0 ER RS neenne e R —00211°C.
T e Rrnn e +0:0169°C.
e L A ey +0°0084°C.
2 N b o R i, +0:0127°C.

: . Rt P —0:0169°C, T latine
B 55 i { T A S +U‘D!.2‘F’C.} emperature oscillating.
L P o g S 0-0127°C.

ol o g +00084°C.
Stopped contractions.
: e T 2Py
11,12, 13, 14 minutes { e S holie }Tempe_mture oscillating.
115 =5 raeieineina=010211°C.

In this experiment the temperature fluctuated unsteadily,
both during the contractions and during five minutes of
subsequent inactivity. The maximum rise and fall during
the contractions were equal, namely, 0-0211° C. During
the period of repose the maximum fall was 0:0211° C.; and
the maximum rise was 0°0127° C. At the close of the
experiment the temperature was 0:0211° C. below the
starting point.

4th Experiment.

1° deflection of galvanometer is equal to 0-004237°C.

At the end of —
0 minubes coooennineenne i o Commenced contractions,
11 25- 3: 4’: 5: 6: ?r}

FF pddhadiabned iaa

8 minutes,...e ... s

Stopped contractions.
9, 10, 11, 12, 13
minutes }

p ARl R E aREEE aRRd )

No change of temperature either during or after the
contractions.
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oth, 6th, 7th, and 8th Experiments, made under similar
conditions to 4th Experiment, gave similar negative results.

In the following two experiments the pile was placed on
the left frontal eminence, 20 mm. from the median line :

9th Experiment.
1° deflection of galvanometer is equal to 0:004237°C.

Rise or fall of temperature.

Time from

commencement Deflections of  Thermometric
of contractions. galvanometer. values, Comments.
At the end of—
O minutes ....veevnensins O 0° Commencerd contractions.
1 33 L L Ll Ta_-.q..||.r.r1r|--'_ﬁ.ﬂ296:.c-
2 R x e 3 b e e —0:0550°C.
3 EE] AEE s RE R h+|_3ﬂﬂ--ph+- TR -n1_ﬂ.12'flg{:-
4 1. saswEsENKIGIAR —40%. e veee—0°1694°C,
5 3 vRa e s aRi e e —0r2203°C.
ﬁ' L1 llt......llpn||_5?-:' ............... _G.Eilsuc-
T a5 LR RN RN l+-|'_"'610 rrrrr LR '_'GLEES‘].DCL
?% ¥ 0 erd Eae rEEEEEEARR _ﬁ?{l lllllllllllllll _ﬂ+2535°cr
Stopped contractions.
a’# T -il-------1-II||‘_EE°---|1|+-.||--|-FH_U.EEB'1l}Ci
gi- ¥,  exalblimmewnianun _?201l!lllll‘llllqm_ﬂ.aﬂsnl}cg
L e s — 4% iveiine . —03135°C,
Igi- :: lllllllllllllll mr ET& rrrrrrrrrrrrrrr _-_G‘EB EE‘DGr
12* BF  daemRtiamREE R '-'GB{:‘ --------------- _GPEBB 1DCr

During the whole time of the contractions, in the above
experiment, the temperature fell steadily and decidedly, the
maximum fall being 0:2838° C., attained at the close of the
contractions. During the succeeding five minutes of in-
activity, the fall reached 0-8135° C. below the starting point.
The last value recorded was 0'2881° C. below the zero. The
explanation of this fall is probably that already given of
similar depressions of temperature (lst Experiment on
extensors of leg, p. 6).

10th Experiment,
1° deflection of galvanometer is equal to 0:004237°C,

At the end of—
e T e S | s e (i Commenced contractions.
1 b saBaimsas aun FEA §F weevandEbanamii

aF
2 a3 LI L L ED ----- amiEaRREE _B.GEIIQC-
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Eise or fall of temperature,
A

Time from r -
commencement Deflections of  Thermometric
of contractions. galvanometer. values. Comments,

o — —_ —

At the end of—

3 5 e e o —010423°C,
e veee—18% i re 0. —0"0550°C.,
o 9 assvasanesennns™=10 caasennenann s —0"0686°C.
E ET) R e L LN T TR P L1

e e — 115 B
8 »  ssssensssises =L seanennesnsesri—tlODUEC,
ZE a1 o B o eoe=0"0211°C.
9 5 A R Vi s O it va 0°

s T e L DR
L R o Ol R e cevnsnnns +0°0211°C.,

Stopped contractions.

11 5 isseevesesaeem— D=0 DS C
12 5 cecossesnensens—10% e =—070428°C:
L e e A e e o —00550°C.
1 e e L L 7 6
15 B aaresendanein—d Attt ) D DS

In this experiment, during the first five minutes, the tem-
perature fell steadily, reaching at the end of this time a
point, 0:0635° C., below the zero. After being stationary
for a minute the temperature began to rise steadily towards
zero, reaching this point at the end of the ninth minute, and
passing 0:0211° C. above it in the succeeding minute.
During the five minutes of repose following the contractions
the temperature again fell below the starting point, being,
at the end of the thirteenth minute from the commencement
of the experiment, 0:055° C. below the zero. At the close
of the experiment the temperature was still below the starting

point by 0-0508° C.

We may group our ten experiments on the trapezius and
levator anguli scapula as follows :

Number of  Per- Where found.
CASES. centages. —
—_ —_ Experiments.

@. Cases of rise of temperature counter-
balanced by equal fall below

starting point ......cceo.e 2 . 20 ... 2odavd Srd.
b. 5 rise and fall together, the fall

being greater than the rise 2 .., 20 .. 1stand 10th.
o, i temperature remaining un‘{ e L 4th, Gth, 6th,

ehanged: o, 7th and 8th.

. . fall to a lower general level 1 ... 10 .. Oth.
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The average highest rise was 0°0253° C., the maximum
and minimum being, respectively, 0:0423° C. and 0:0169° C.
The average greatest fall was 0'0433° C., the maximum
being 0:0685° C., and the minimum 0-0211° C.

From Dr. Amidon’s table of ninety-three experiments on
these museles we deduce the following values :*

Number of  Per-
Cases. centages.
Rise of temperature............ 52 ... 5530140
Fall ¥ e o G o S BOR
Temperature unchanged...... 39 41-9355

a8

Average rise, 0°3552°C.
Maximum ,, 09722°C.
Minimum ,, 0+1388°C.

Eirperiments on the contraction of the orbicularis palpebrarum,
The thermo-pile was placed at a point situated between
90 mm. and 110 mm. above the centre of the external
auditory meatus, and 30 mm. posteriorly to the latter.
The pile was on the left side of the head, and the muscle
of the right side was contracted.

Ist Experiment,

1° deflection of galvanometer is equal to 0-004237°C.

Rise or fall of temperature.

Comments.

Commenced contractions.

Stopped contractions.

} Temperature oscillating.

Time from p e -
commencement Deflections of Thermometric
of eontractions. galvanometer. values.

At the end of—

O DInObes e vinies [ R ) 0

1 Fon e S e s T +00127°C.

2 = L L e G +00211°C.

3 e e I SR r i A —0:0296°C.

4 £t O S A ke —00211°C.

o - L 1 R oL L 00

S R el T e —0-0127°C.

A e el —  u

7 AT R T 0°.. 0°

8, 9, 10, 11, 12, 13'{—3: ............... — GU?L C.

| et e e R 0
+3 veens FO0L2TC,
* Op. cit., p. 31.

e
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In this experiment the temperature rose during the first
two minutes 0°0211° C., but during the next minute it fell
0:0296° C. below the starting point. At the end of the fifth
minute the zero had again been passed, and a positive rise of
0:00423° C. noted. During the next minute and a half
another fall oceurred to 0:0127° C. below the zero. At the
end of the last minute of the contractions the temperature
was back at the starting point. Seven minutes of sub-
sequent inactivity showed an osecillation about the zero, with
a range of 0:0084° C. below, and of 0:0127° C. above, that
point.

2nd Experiment.
1° deflection of galvanometer is equal to 0-004287°C.

Rise or fall of temperature.
Time from — . =
commencement Deflections of Thermometric
of contractions. galvanometer. values. Comments.

At the end of —

O minubes........cvevee 0 0° Commenced contractions.
% ¥ crrcrrak@Eamd BEE §) dskammmansgsnsm 35
1 . PPy 01 [ P b & Lt + 0:00423°C.
E T mm A EE S e EEE _-_EG ............... _ﬂ.Dlg?ﬂ'c‘
3 ¥y EEkdaEdBE T +J;I'D ............... +U'GEBEQC+
4 e e +4°% . ieeeiin... + 000169°C.
—0%, e erennne.—0"0381°C,
b » Jl —4 s . —0"0169°C. } Temperature oseillating.
A T + 0-0084°C,
Stopped contractions.
_Eﬁ ............... '_'GLDES]-UU-
6, 7, B minutes...... { — A —(r0169°C, } Temperature oscillating.
F 2% iieinneneens + 00084°C.
B minubes i —11°% ... =00 0MB6°C,
10 L T R i e +0:0127°C.
_1a-ii aEE R REEER -'_‘:..{:’D'LE:]QU-
11} TR { R e +0-0127°C.
i B + 0r0296°C.

In this experiment, after a rise of 0:00423° C. at the end
of the first minute, the temperature fell 0:0127° C. below the
starting point. At the end of the third minute, however,
it stood at 0:0296° C. above the zero. During the last
(fifth) minute of the contractions it was, by turns, 0'0381° C.
and 0:0169° C. below, and 0:0084° C. above the starting
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point. These values were unchanged during the first three
minutes of repose, but in the ninth minute from the com-
mencement of the experiment the temperature fell to
0:0466° C. below the zero. During the final minute and a
half of the observations, the temperature fluctuated between
0:00423° C. below, and 0°0127° C. to 0:0296° C. above the
starting point.

3rd Experiment.
1% deflection of galvanometer is equal to 00004237°C.

Rise or fall of temperature.
Time from A

[j

commencement Deflections of Therm_ﬂ‘metric
of contractions. galvanometer. values, Comments.
At the end of—

minten s e O e 0° Commenced contractions.

Li o rT oo e T Gtearoaetn b b

1 e e e +0°0084°C.

S renranionet e A ren o —0-00423°C.

3 e s L s e, —00635°C.

Yy S A 1 L

4‘%‘ H] BEE AR e R —5“..”...“......—-{]'0211“’{!.

5 S e R R --0r0084°C.

GRS i i aras 4+ 2% iiieennnnne +000084°C,

T TR iyt AT | AR 8 ot - TR

TR G | snsiiiintiece BB el i a e e +0:0211°C.

8 S e L SO e +000423°C.

9 S O s i NN R

e et Sy ORAT RO A + o

10 3 ErREREERRGaRRRE 03 = 7

Stopped eontractions,

. B e =l 0B11°0,
" T RTRET I :
B e { 0 e +0:0296°C.

LGS —j [ —0'00423°C.

}Tcmpcmture oscillating.

In the above experiment we have, first—at the end of half
a minute—a rise of 0:0211° C.; then, a fall, which, at the
end of the third minute, carried the temperature to 0:0635° C.
below the starting point; after this a gradual recovery,
amounting, at the end of seven and a half minutes from the
commencement of the experiment, to 0:0211° C. positive
rise; and finally another fall fo 0-0084° C. below the starting
point, with a temporary recovery (at the end of nine and a
half minutes) to 0:0084° C. above the zero intervening.
During the first five minutes of repose, the temperature
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fluctnated between 0:0211° C, below, and 0:0296° C. above the
starting point ; the last temperature noted (end of sixteenth
minute) was 0:00423° C. below that point.

4th Experiment.
1° deflection of galvanometer is equal to 0-004237°C.

Rise or fall of temperature.

Time from - = -
commencement Defleetions of Thermometric
of contractions. calvanometer. values. Comments.
At the end of—
R L B s e st 0° Commenced contractions.
1,253,’1',5,G,Tﬂﬁﬂ.11tﬂ'5 35 EAREEF BARFEFE AN a8
Stopped contractions,
8! 9} ]'E'F 11] 12 n b s a3

No change of temperature, either during or after the
contractions,

oth, 6th, 7th, 8th, 9th, and 10th Experiments, made
under conditions identical with those of 4th Experiment,
furnished similar negative results.

We will group our ten experiments on the orbicularis
palpebrarum as follows:

Number of Per- Where found.
Cases., centages. —
— — Experiments.
a. Cases of rise and fall of temperature
together, the fall heing
greater than the rise......... 30 ... 1st, 2nd, 3rd.
b. 53 temperature remaining un- { . 20 4th,5th,6th,7th,
changed ....... 8th, 9kh, 10th.

The average ]11'g11est rise was 0°0466° C., the extremes
being 0:0635° C., and 0-0296° C. The average lowest fall
was 0:0268° C., the extremes being 0:0296° C., and 0:0211° C.

From Dr. Amidon’s table of thirty-six experiments on
this muscle we obtain the following figures :*

Number of Per-

cases. centages.
R:‘Lse af tﬂlup&r&ture+1l AEd EEEEESE Sﬂ PR R '83 LE 334 a8 J.'i‘l-’ﬁl'llgf.’ riSE‘, ‘:}IS.I:E:J:C..
Fall e censnmesene | Ll Ll diepEEl e S Maximnm ;. D:83550E
Temperature unchan ged 8 .. 138889 ... Minimum ,, 0:1388°C.

# Op. cit., p. 42.
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twepervments on the contraction of the orbicularis palpebrarum,
levator labii superioris proprius, zygomatici, and riserius,
all acting simultaneously.  The point on which the thermo=
pile was placed, was situated between 90 and 110 mm, above
the centre of the external auditory meatus, and 80 mm.
posteriorly to the latter. In the first three experiments,
the pile was on the RIGHT side of the head, and the muscles of
the LEFT side were contracted. This arrangement was neces=
sitated by the inability of the subject to contract the museles
of the right side,  In the subsequent siz experiments, the pile
was on the left side as usual, the subject being changed,

1st Experiment.

1° deflection of galvanometer is equal to 0:004237°C.

Rise or fall of temperature.
Time from -

P =
commencement Deflections of Thermometric
of contractions. galvanometer, values. Comments.

— - e

At the end of—

T L B R e v 0° Commenced contractions,
1l A A s el 3 +0:0296°C.

2 e + 6% ieeee, +0°02547°C,

3 T - e T

IR D e + 5% iciiciinin e+ 00211°C.

4 s e AR S e e 048R,

5 Sl el A S RN

G T e i + B ienrneee +000338°C,

7 L AT e +00127°C.

i v B e R S =5 e e —0r0211°C.

8 Rl i L e ey Ty L B

o R R e —0:0508°C.

0 ars e A e e s e —0r0530°C,

Stopped contractions.

11 e T gl 137750
e TR i P T N R v — 0P 1821°C,
14 L e e —01440°C,

In this experiment the temperature, at the end of the
first minute, stood 0:0296° C. above the starting point. By
the end of the third minute, this rise had been reduced to
0:0169° C.; but subsequently a fresh rise occurred, the
temperature mounting to 0:0423° C. above the starting point,
in the fourth minute; but, setting out from this time a
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steady fall commenced, 0:0338° C. below the starting point
being noted at the end of the eighth minute. Daring the
last minute of the contractions the temperature fell to
0:055° C. below the starting point. The subsequent period
of inactivity was marked by a still greater fall, the maximum
depression—at the end of twelve and a half minutes from
the commencement of the experiment—being 0:1821° C.;
the last fall was, however, probably due to causes other
than the muscular action, as in similar cases given before
(1st Experiment on extensors of leg, p. 6).

2nd Experiment.

1° deflection of galvanometer is equal o 0-004237°C,
Rise or fall of temperature.
-

Time from P ——
commencement Deflections of  Thermometric
of contractions. galvanometer. values, Comments.
At the end of—
Ominutes.......oeeneansis D esaeipraniorass 0° Commenced contractions.
1 i eeeisassvsanini 1 ivasiennsnsca—=CrDOABEY
2 e 1 11 B b
3 R e L o B
4 o S e e e e LU o B
b - JAEE |6 [T B
6 . o282, . s renansaer s —0r1069°C,
T v nals sa——_sn i kwnin s susme e n = g
R e R i

Stopped contractions.
0 S e reasnanesenna— D0 i annnat o anam—Cr ] DO L
11 5 ceesememsennnne =8 w0miiens0n0e=—0"15667°C.
12 5 ssessmnsssenne—30F i e sniineen —0F16047C,
18 L secsrensnnnn=—00%00seeenseenan—0'2830°C.

Here we have a steady fall of temperature from the
beginning to the end of the experiment, probably owing
chiefly to a fall of thermal level, and not to the muscular
movements.

3rd Experiments.

1° deflection of galvanometer is equal to 0:004237°C.

At the end of —
O minutes,.....eoeenases 1 A e 0 Commenced contractions

l 3 sraEinwd FEfd e 3 EravemasEEEA uaE 5
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Rise or fall of temperature,

Time from p \
commencement Deflections of Thermometric
of contractions. galvanometer. values. Comments

At the end of —
2 minntes.........oeeeee F 1% enensssasieres +000423°C.

3 T e e i R 5
4 e I el e +0r0169°C.
A e e H 2% ievnnranenns +0°0084°C.
5 R e e P
6 e | et 0°
B2 e 0 —0MR A,
i e s e +0-0084°C.
i S et R b e T 12T B
Bl 3 ceeenrienssnees =B aesisensisen=—0'0264°C.

Stopped contractions.
9;’ £1] SRR ENE AR REE R _4ﬂlllllll-l-ll-|-|l+l_ﬂrﬂlﬁg‘:c!
11% 33 Ees EGEEEE REE AR "_Bn.......-"--i++|"_ﬂ.D3380{:!

e e el e ONIDGANE
O R s e —0-0169°C.
145’ 33 sEmmEE En G WEE A _E‘:’H.........‘"._ﬂ.ﬂﬂﬁiﬁci

In the above experiment, the temperature rose during the
first few minutes, reaching at the end of the fourth minute
0:0169° C. above the starting point. After this time, how-
ever, it commenced to fall, touching zero at the end of the
sixth minute, and passing 0:00423° C. below this point in
the half minute fﬂ]lﬂWlﬂg A recovery to 0:0084° C. above
the zero took place in the seventh minute, but the tempera-
ture again fell, and when the contractions were stopped—
at the end of eight and a half minutes—the reading was
0:0254° C. below the starting point. Three minutes after
the close of the contractions, the fall had increased to
0-0338° C., and at the close of the observations—fourteen
and a half minutes from the commencement of the experi-
ment—the temperature was still below the zero by 0°0254° C.

4th Experiment.

1° deflection of galvanometer is equal to 0-004237°C.

At the end of—
0 minutes.. 0 e 0° Commenced contractions.
1, 2,3, 4-,5,'5,'? E, 9
minutes ,.icoiiienn i e »
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Rise or fall of temperature.

Time from i = ~
commencement Deflections of Thermometric
of contractions. galvanometer. values. Comments.

At the end of —
1 DB TE 1Y ] R T AR e —0-0211°C.

Stopped contractions.
11, 12, 13, 14, 15, 16

WInates ...-..eeenes e e e e L e —_

During the first nine minutes of contractions, in the above
experiment, the temperature was unaffected, but at the end
of the tenth minnte—when the contractions were stopped—
a fall of 0:0211° C. below the starting point had taken place.
The temperature remained at this same degree of depression
during six minutes of inactivity following the contractions.

5th Experiment.

1° deflection of galvanometer is equal to 0-004237°C.
At the end of—

Oominates. e | D e s 0° Commenced contractions.
e e v T b - &
1 T L L T [ 1 [ i
2 e S 5] L S + 0:00423°C.
3 e L — [ DL R
4 e L R e e 0°
=I5 R T L e | 20,1, % i1 B3
6 R S | Lo i S 1 10T P e
g st =B e — D211 26,
Stopped contractions.
8,9, 10, 11 minutes... —n ccrvivassnranes —_
15 minubes..cveerervsens + 4 0ineen ST +0:0169°C.

1-? 3¥ (LI R R IR R L) _lauu.n-u-.nn"‘D'm'iEgﬁc-

In this experiment, at the end of one minute, the tem-
perature rose 0:0169° C. above the starting point ; it declined,
however, in the succeeding minutes, touching zero at the
end of the fourth minute, and passing 0°0084° C. below this
point in the fifth minute. The sixth minute showed a
temporary recovery to 0:00423° C. above the starting point ;
but during the last (seventh) minute of the contractions the
temperature fell to 0-0211° C. below the zero. During the
subsequent ten minutes of repose, the temperature, at one
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time, rose to 0:0169° C. above the starting point, but at the
close of the experiment it was 0°00423° C. below that
point.

6th Experiment.
1° defleetion of galvanometer is equal to 0:004237°C.

Rise or fall of temperature.
Time from r = \
commencement Deflections of Thermometric
of contractions. galvanometer, values. Comments.

s _— ——

At the end of—

NN beRT e D 0° Commenced contractions.
2' a3 pi A BEAFRE raEdn ¥ +3&11r1r-r!1|1--n +D‘DIETDG-

3 an e EE R R R AR ‘_1G|----l o l-ili-'ll_{j‘{::ﬂ.iEEgC*

5 $3 2 ssssmemssnmsass _25 --------------- _ﬂ-{]uaic‘c-

E a3 ETEEEE T LR —331..- ----- 11;--1-““‘“’12?5&0

7 e () e 0°

8 S AR e e R vevne +0°00847C,

9 e ] P e —000423°C.

9% ET] EEd mmr EE s an oy EE _2{: --------------- _ﬂ.ﬂl:}ﬂé'c{—'.l
10 b} RS GE EEEEEE BAN —lu.--............'-—ﬂ'ﬂu"l-zﬂﬁc.

Stopped contractions,

. =8 erreeennn s e =—00211°C. 1 - FERT
11, 12, 13, 14 mmutes{ ; i& .............. + 0-00493° U.} Temperatureoscillating,
IS amnubes s —3°..vierer ee . —0r0127°C,

We have here, first, a rise of temperature of 0:0127° C. at
the end of the second minute; then a fall, during three
minutes, to 0:0127° C. below the starting point ; afterwards
a recovery to 0'0084° C. above the zero ; and finally a second
fall, amounting to 0:0084° C. at the end of nine and a half
minutes, and to 0°00423° C. at the close of the contractions.
During the first four minutes of repose the temperature
fluctuated between 0:0211° C. below and 000423° C. above
the starting point. At the close of the experiment—at the
end of the fifteenth minute—the temperature was sitill
below the zero by 0-0127° C.

7th, 8th, and 9th Experiments—each consisting of seven
minutes of contractions with five minutes subsequeunt repose—
showed neither rise nor fall of temperature.

The nine experiments on the musecles under consideration
may be classed as follows:
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Number of  Per- Where found.
cases. centages. —
—_ — Experiments.

a. Cases of fall of temperature withoutrise 1 ... 1111112 ... 4th.
b. .,  rise and fall together, the fall

being greater than the rise 3 ... 333333 ... 2rd,5th,and 6th.
e. » temperature remaining un-

changed ......coeconceiieeenees 3 ... 33:3883 ... 7th,8th,and Sth
d. » fall to lower general level ... 2 .. 222222 ... 1stand 2nd.

The average highest rise was 0°014° C., the extremes
being 0:0169° and 0:0084° C. The average lowest fall was
0-0243° the extremes being 0-0338° C, and 0-0211° C.

The tables of Dr. Amidon furnish the following values
for the muscles in question.* The total number of experiments
was sixty three.

Number of  Per-

CaSEes, centages,
Rise of temperature,........... 31 ... 492063 .. Average rise, 0'2589°C.
Fall R e T 4 ... 63492 ... Maximum ,, 0'£333°C.

Temperature unchanged ...... 28 .., 444445 ... Minimum , 0-1388°C.

It remains now to collect and to examine together all the
results set forth in the six sets of experiments, which have
engaged our attention. This is done in the following table:

# Qp. cit., p. 43, The muscles of the mouth alone are taken, the values of the
orbicularis palpebrarum having been given before.
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A glance at the above table shows that the results of our
experiments are most decidedly contradictory of the views
held by Dr. Amidon. Of the eighty-one results only three,
or less than four per cent., can be construed as affording
evidence of a rise of temperature due to muscular contraction
per se ; and in two of these cases (2nd and 3rd experiments
on biceps, pp. 26 and 27) the rise was only temporary, the
temperature falling back to the starting point in the suc-
ceeding minute. There would, indeed, seem to be much
greater evidence that the muscular movements bring about
a fall of temperature. Thus, if we leave out the ten cases
of change of thermal level, we may group the rest of the
results as follows :

Number of  Per-

CasLs. centages.

a. Cases in which there was either an independent
rise, or in which the latter condition predominated ... 4 ... 56338

b. Casesin which there was either an independent fall,
or in which the latter condition predominated... ... 21 .. 293774
¢. Cases in which the rise and fall were equal......... ... 7 .. 98592
d. Cases in which no change of temperature occurred ... 39 ... 54:0296

Here we see that the cases in which a fall of temperature
is the ruling condition are more than five times as numerouns
as those in which a rise of temperature prevails.

But although there is not sufficient proof of a rise of tem-
perature in the head, specially due to muscular contraction
(leaving out the question of exaect localization of such a
rise), yet it would seem, that, in a certain number of cases,
the muscular movements, in some way, cause a disturbance of
the temperature of the head, this disturbance showing itself
in elevations or depressions, or again, m irregular fluctua-
tions, of temperature. In fact, the variations of temperature
noted in a number of the experiments were greater than
those ordinarily met with in the quiescent mental state; bub
in exactly what way these variations are connected with
the muscular movements is not yet clear.



Note to Eaperiments on the Effect of Volumtary
Museular Contractions.

WaiLe these investigations were in the press the writer
learned, for the first time, that both M. Paul Bert and
M. Francois Franck had, in the past spring and summer
(1880), repeated Dr. Amidon’s experiments, and had failed
to confirm his results. The writer has not seen the pub-
lished accounts of MM. Bert and Franck, and knows their

imvestigations only through an indirect and general report.
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EXPERIMENTS

OoN THE

INFLUENCE OF THE TEMPERATURE OF
THE AIR

ON THE

TEMPERATURE OF THE HEAD.

TuE object of the experiments contained in the following
tables was to obtain a general idea of the extent to which
the temperature of the surface of the head is affected by the
temperature of the surrounding air. The observations were
made on two individuals, both the subjects of many previous
experiments of a similar nature, and in whom the ordinary
normal variations of the temperature of the head had been
proved to be nearly the same. In the different observations
all the essential experimental conditions, except the tem-
perature of the air, were, as far as possible, regulated to
uniformity. Both thermometers and thermo-electric apparatus
were employed in obtaining the temperature of the head,
which was taken on the left side in the space behind the
external angular process described in the first article of this
book.* The method of procedure was to note the tempera-
tures of the air, and of the head, respectively, in five
sucecessive observations at intervals of one minute each, after
waiting, in the first instance, a sufficient time for equilibrium
to be established between the instrument—thermometer, or
thermo-pile—and the head. If, at the end of the five

* P. 8.
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minutes, no alteration of temperature either of the air or of
the head had occurred, the temperature of the air was changed
artificially, and a new set of observations made. The
results contained in the tables are, therefore, in sets of five
observations each, or in some multiple of that number, when
two or more similar sets are added together in one item.

Each of the first four tables represents a separate and
distinct period of investigation extending over two or three
months.

TaprLe 1.
Temperatures of Number Temperatures of Number
— - \ | of ex- — e \ of ex-
Air, | Head. |periments.| Air, Head. periments.
21-1111%C. | B86:30°C. l o 18-3335°C. 85-75°C. b5
5 85007 |, = 35'50°C. 10
- ST R I [ 18:0555°C. 35-90°C. 5
20-8333°C. 36:40°C. « 5 85-85°C. 4
o 36:15°C. 3 ; s 35°80°C. 4
i 36:00°C. el s 35:56°C, .
20-7500°C. 36:00°C. i | o 35-50°C. -
. 35-80°C. 10 : o 35:45°C. &
B 35-80°C. 5 | 17-5000°C. | 36:00°C. 10
20-0000°C. 36:20°C. X - % | 8565°C. 5
i 36:15°C. 2 | o 35:30°C. i
as I 'E‘E]‘]-':F -,- 51 [ 2 35-ﬂu5C+ a
o | 36:00°C. i 17-2222°C, | ~386:00°C. 10
i 85:95°C. 2 sl s | 85'60°C. 5
K 85:90°C. ,, L < | 85-50°C, 10
" | 3580°C, 20 - 16-6666°C. ! 35°8B0°C. 5
10-4444°C. | 85-95°C. 5 : = | 85'60°C. S
5 | 85'80°C. 5 - i | 8550°C, -
18:3333°C. | 85°80°C. 10 '
TasLE 2.
17-2222°C. 85:40°C. | 10 || 15-:0000°C. | 35-15°C. 5
16:6666°C. 35:35°C. 5 14-5000°C. 35:20°C. 10
5 34-90°C, 10 2 85:15°C. 5
o 34-85°C, 5 14-4444°C. 35-35°C. 10
16-1111°C. 85:50°C. = ,, 35'30°C. -
i 35-40°C, 15 13-8888°C, 35-90°C. 5
8 35-00°C. 5 o 35:40°C, 10
5 34-80°C. = i 35:35°C. 5
15:5555°C, 35:50°C. + - 35:30°C. o
- 35:20°C. 10 o I 85:26°C. 5
15:0000°C. 35:40°C. i = | 85-20°C, 10
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e E————

r

Temperatures of Number | Temperatures of , Number
A + | of ex- —— e of ex-
Air, Head.  periments, Air. Head.  |periments.
| =y | ol

13-8888°C. 35-00°C. 20 11-7222°C, | 34:70°C., 51

,, 34-90°C. 3 " 34-20°C. a

13-3333°C. 35°35°C. o 11-6666°C. 35-65°C. o

» 35°20°C. 10 . 3 3540°C, =

o 34:90°C. - ‘ o | 35:207C. 10

3 34-60°C. 3 35 | 34:25°C. 5

- 34-40°C. . 11-1111°C. 35:357C. »

12-7777°C. 35-70°C. 10 , 3 | 84:35°C. 3

12-2255°C. 34-50°C. b5 ,, [ 84:25°C. o

12:2232°C. 35'05°C. + : 3 33-90°C. ~

» 34:50°C. o - ) 33-80°C. 0

11-7222°C, 85-10°C. o 10-5555°C. 34:30°C. s
., 35:00°C. o

Tasre 3.

14-1666°C. 35:55°C. 5 || 8-8888°C. 35:20°C. 10

13-3333°C. 3590°C. . 3 35:10°C. .

o 35-75°C. = - 3505°C., b

» 3560°C. - . o 34-90°C. -

X 35'15°C. o I 5 34-80°C. 15

12-7777°C. 35:00°C. o 2 34°75°C. 5

12-4444°C. 35-50°C. o ' = 34-60°C. 10

12-2222°C. 35:90°C, = , 5 34-55°C. 5

P 32-70°C. o - 34:30°C. 5

11-9444°C. | 85'80°C. - . 34-25°C. n

11-6666°C. 35°60°C., 10 . 34°20°C. 10

11-1111°C. 35-75°C. 5 | » 3415°C. )

o 354570, o ; 3 33:95°C. +

" 3540°C. 3 - 3365°C. -

10-0000°C. 35-40°C. - = 33-10°C. -

i 35°20°C. » | 8:33833°C. 34:90°C. "

= 35-:00°C. & l = 34-60°C. .

o 34:65°C. i = 34-30°C. 10

» 34:20°C. - . 34:10°C. 5

9-4444°C, 35'50°C. = 2 33-45°C. 10

» 35-25°C. ’» 7TTrC 34:55°C. .

o 35-20°C. o ‘ o 34:40°C. 5

# 35°10°C ¥ | " 34°20°C, 10

5 34-40°C. o | ,. 34-05°C. -

8-8888°C. 35'50°C. b '




TasLe 4,

Temperatures of Number | Temperatures of Number
A - | of ex- P A — | of ex-
Air. [ Head. |periments. Air. Head.  |periments.

14-1666°C. 35:55°C. 10 6:1111°C. | 33:90°C. 10

13:3833°C. 35:90°C. 3 » 33:30°C. 5

o 35:75°C. - 5°5355°C. 34-30°C. 10

5 35'60°C. s 2 33-90°C. 5

13 351] ::Tjﬂ- 13 53 EE'B'DQE- 3

12:4444°C. 36:10°C. » » 33-70°C. 3

n | 3580°C. o 5-0000°C. 34:00°C. i

12-2222°C. 35'90°C. 10 o 33:90°C. 10

11-1111°C. 35:75°C. i 3 32-80°C. 5

= 35:45°C. 5 . 32:55°C. -

e 35°40°C. = 4:5000°C. 34-20°C. >

10-0000°C. 35:40°C. o - 34:10°C. 2

- 35:20°C. . » 33-95°C. 10

e 35:00°C. = a3 33:85°C. 5

o 34-G5°C, 10 A 33-75°C. -

94444°C, 35-50°C. - ,, 32:60"C. b

s 34-70°C. s 4-0000°C. 34:30°C. i

- 34-40°C. A 5 34:00°C. o

i 34:30°C, 15 i 33-95°C. £

8-8588°C., 35:80°C. 10 ¥ 32:55°C. b

i 35'20°C. - 35556°C. | 8895°C. 10

s 35:05°C. 5 T 33'80°C. 5

e 34-90°C. 10 . 33:55°C. 5

. 33-95°C. 5 - 32:55°C. =

4 33-63°C. s > 32 80°C. s

“ 33-10°C. o 255655°C. 34-00°C. 0

8:3335°C. 34:90°C. " o 33:85°C. 10

e 34:60°C. 15 . 33-70°C. 5

i 34:30°C, 5 % 33:50°C. 3

B 34:10°C, . s 32:90°C, £

TTITC. | 3465°C. 10 " | 2250°C. .

= 34:40°C. . 2:0000°C. | 33-95°C. -

7 34:20°C. o i | 33-80°C. 10

x 3405°C. o » | 820070, 5

6:1111°C 34-40°C, 10 o | 82-45°C, =
= 34:00°C, 5
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Commencing with the division ““a” of the analysis, we
find that, in each table, the highest temperature of the air is
associated with a higher temperature of the head—average,
maximum, and minimum temperatures all included—than
the lowest temperature of the air. Thus in Table 1, the
temperature of the head for the highest temperature of
the air is, on an average, 0'3667° C. above the corre-
sponding value, associated with the lowest temperature
of the air. The degrees of superiority of the temperature
of the head at the higher of the two temperatures of the
air, in each table, are as follows :

Degrees of superiority
of temperature of the Table 1. Table 2, Table 3. Table 4.
head at the higher | Maximum—0-5000°C...1-1000°C...1:0000°C...1-6000°C.
of the two tempera- i Average—03667°C... ,,  ...1'2643°C...2-2500°C.
tures of the air given | Minimum—0'3000°C... ,,  ...1*5000°C...8:1000°C.
in the analysis.

-

Moreover, if the tables are compared with each other,
there appears, at first sight, to be a certain rough relation
between the degree of difference of the two atmospheric
temperatures and the degree of difference of the correspond-
ing two temperatures of the head; thus in Table 1, for a
difference of 4:4445° C. in the air, we have an average
difference in the head of 03667° C.; while in Table 2, for
a difference in the air of 6.6667° C., there is an average
difference in the head of 1'1° C.; and in Table 4, the
difference in the air being now 12:1666° C., we have a
difference in the head of 2:25° C.

In proof, however, that the above relation is by no means
a close one, if we take the difference between the two tem-
peratures of the air, and the difference between the two
average temperatures of the head, in Table 1, each as equal
to 1, we have the following proportional values for the cor-
responding differences in the other tables.

Table 1. Takble 2, Table 8, Tahle 4,
Proportional differences in tempe-

I‘ﬂturﬁﬂ Df H-il'.u AR EEGa e mA R s s mam BEE l.mﬂﬂ{:uugq -ltﬁﬂqﬂl [(TERET 1‘4‘3?’(:1';*.'2‘?3?:":.
Proportional differences in tempe-

ratures of head ....covenversorseiees 1000PC... ... 8:000°C....... 3-447°C......6:108°C.
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Thus in Table 2, for a difference between the two
atmospheric temperatures 15 times greater than the similar
difference in Table 1, we have a difference between the two
average temperatures of the head three times greater than
the corresponding difference in Table 1; while in Table 4,
for an atmospheric difference 2:737 times greater than that of
Table 1, we find a difference of average temperature in the
head 6108 times greater than the corresponding difference
in Table 1. The rate of change of average temperature in
the head for each degree Centigrade of difference of tem-
perature in the air, between the highest and lowest thermal
levels of the latter, in each table, is as follows :

Rate of change in average tempe-
rature of head for each degree Table 1. Table 2. Table 3. Table 4.
Centigrade of change in tempe-
rature of air ......coeeseiirennn.  000825°C....001656°C....001978°C....0185°C.

Comparing, still further, with each other, the results of
the analysis of the different tables in division “a,” we see
that although the highest and lowest temperatures of the
head there given {(average, maximum, and minimum all
included) are associated respectively with the highest and
lowest atmospheric temperatures, yet beyond this accordance
discrepancies exist. Thus Table 2 with a temperature of
the air of 17-2222° C. shows a temperature of the head of
35°40° C.; while in Table 1, with a temperature of the air
of 16:6666° C, we have an average temperature of the head
of 35:6333° C., with a maximum of 35:8° C., and a minimum
of 35'5° C. Again, Tables 3 and 4, with a temperature of
the air of 14:1666° C. give a temperature of the head of 35'55°
C., Table 2—as we have just seen—giving a temperature of
the head of 3540 for an atmospheric temperature of
17:2222° C. The question with which we are dealing is still
further elucidated by the results of division “b’’ of the
analysis. We find here that the lowest individual tempera-
ture of the head is associated with the lowest individual
temperature of the air, but that the highest individual tem-
perature of the head occurs not with the highest, but with
the second highest individual temperature of the air, namely,
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20-8333° C. In like manner, in Tables 2 and 8, in"which
the highest temperature of the head noted is 35:90° C., this
value coexists, in the first instance, with a temperature of
the air of 13°8888° (., and in the second instance with a
temperature of the air averaging 12:7777° C.—the maximum
and minimum being, respectively, 13:3333° C., and 12:2222°
C.—while the highest temperatures of the air noted in these
two tables are, as we have seen, 17:2222° C., and 14:1666° C.,
respectively. Also Table 4, in which the highest tempera-
ture of the air is 14:1666° C., shows the highest temperature
of the head coexisting with a temperature of the air of
12:4444° C. 1In Table 1, the lowest temperature of the head
is found with an atmospheric temperature of 17'5° C., the
lowest temperature of the air being 16:6666° C. Again, in
Tables 2 and 3, the lowest temperatures of the head are
associated with temperatures of the air of 11°1111° C., and
8-8888° (., respectively, while the lowest temperatures of
the air in these tables are, respectively, 10°5555° C., and
il B

Table 5 gives the average, maximum, and minimum tem-
peratures of the head, associated with each of the thirty-nine
temperatures of the air, at which observations have been
made— ali four of the preceding tables being included in the
estimates. The fifth column of the table gives the propor-
tional values of the averages of the temperatures of the head,
taking the lowest average, 33-3° C. as equal to 1000.
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TaBLEE 5.
Proportional
Temperatures e Tempemtufes of head. e nespn f average
5 1
of air. Average. Maximum. Minimum. tm:%} ii:;i:g.res
21+1111°C. 36:0000°C. 36:3000°C. | 85-8000°C. 10810
20-8333°C. 36-1833°C. 36:4000°C. | 36-0000°C, 10866
20-7500°C. 35-7250°C. 36-0000°C., 35:3000°C. 10728
20°0000°C, 35°9500°C, 36:20007°C. 35-8000°C, 10796
19-4444°C. 35-8750°C. 35-9500°C. 85:8000°C. 10773
18:3333°C. 35°6700°C, 35°8000°C. 35°5000°C, 10711
18-0555°C. 85'6750°C. 35:9000°C. 85:4500°C. 10713
17-56000°C. 35:5900°C, 36:0000°C, 25-0000°C, 10687
17-2222°(. 85-:6286°C. 36-0000°C. 35-4000°C. 1069-9
16-6666°C. 35-2714°C. 35°8000°C. 34-8500°C. 1059-2
16-1111°C. 35'2500°C. 85:5000°C, 34-8000°C. 10585
15:6565°C. 35:3000°C. 35:5000°C, 35-2000°C. 10600
15:0000°C. 35'3166°C. 354000°C. 35:1500°C. 10605
14-5000°C. 25:1833°C, 35:2000°C. 35:1500°C. 10566
14:4444°C. 85-3250°C. 35-3500°C. 35-3000°C. 10603
14-1666°C. 85:5500°C. 35-5500°C. 85-5500°C. 1067-6
13-8888°C. 85-23338°C. 353-0000°C. 34-9000°C. 10580
13-3333°C. 35'3393°C. 35:0000°C. 84-4000°C. 10612
120170, 35'4666°C. 85-7000°C. 35'0000°C. 1065°0
12:4444°C. 35'7666°C. 36:1000°C. S0:4000°C. 10738
12-2222°C. 353644°C. 35-9000°C. 34-5000°C. 10619
11-9444°C, 35-8000°C. 35°8000°C. 35°8000°C. 10750
11-7222°C. 34-7500°C. 35-1000°C. 34-2000°C. 10435
11'6666°C. 35:2714°C. 35'6500°C, 34-2500°C, 1059-2
11:1111°C. 35°1136°C. 85:7500°C. 33-8000°C. 10544
10:5555°C. 34:3000°C, 34:3000°C. 34-3000°C. 10300
10-0000°C, 84-9350°C. 34-4000°C. 34-2000°C. 10490
9-44.44°C, 34:8136°C. 35-5000°C. 34:3000°C. 10454
8'8888°C. 346304°C. 35'8000°C. 33:1000°C. 10399
8-3333°C. 34:3230°C, 34-9000°C. 33°4500°C. 10307
T70reC, 84-2933°C. 34-5500°C. 34-0500°C. 10298
6-1111°C. 33-95833°C. 34-4000°C, 33-3000°C. 10205
6°5565°C. 34-0000°C, 34:-3000°C. 33-7000°C, 10210
5-0000°C. 83-4300°C. 34:0000°C. 32:5500°C. 10040
4-5000°C. 33:7714°C. 34-2000°C. 32-6000°C. 10143
4:0000°C. 33-7000°C. 34°3000°C. 82-5500°C. 10120
3'6555°C. 33:3833°C., 33-9500°C. 32-5000°C. 10025
2:5555°C. | 33:4714°C. 34-0000°C. 32:5000°C. 1005°1
2:0000°C., | 33-3000°C, 33-9500°C. 32-4500°C. 10000
1




12

It will be seen from these proportional values, that
although there is a general tendency in the head towards a
higher average temperature as we go up the scale of atmo-
spheric temperature, yet there are many and marked breaks
and retrogressions in this upward movement. For example, at
a temperature of the air of 11:9444° C., the average tempera-
ture of the head is found to be 85:8° C.; but this temperature
18 reduced in the mext higher observation in the scale of
atmospheric temperatures—then partly regained, but again
reduced—and finally, after flnctuating up and down—without,
however, rising so high as 35:8° C.—passes above its first
point only at a temperature of the air of 19-4444° C. Again,
the temperature of the head—average, maximum, and mini-
mum all included—is higher with the temperature of the
air at 12-4444° C. than with this latter temperature at
20:75° C.

Table 6, which includes all the observations of the first
four tables—and in which the different individnal tempera-
tures of the head are arranged in a regular sequence from
the highest to the lowest, each accompanied by the particular
temperature or temperatures of the air with which it is found—
shows plainly the many exceptions to an exact relation
between the degree of temperature of the head and that of
the air. Thus a temperature of the head of 35-5° C. is found
with temperatures of the air varying from 8-8888° C. to
18-8888° C.; and a temperature of the head of 85:30° C. is
found with an atmospheric temperature ranging from
13-8888° C. to 20-75° C.

If we take the avervge of all the temperatures of the air
found with temperatures of the head at and above 35° C.,
and the average of all the temperatures of the air found with
temperatures of the head below 35° C., we obtain the fol-
lowing values :
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TaBLE 6.
Temperatures of | Number ] Temperatures of | Number
— e ~ | of experi-| Tables.| . - y| of experi-| Tables.
Head. Air. ments. || Head. Air. | ments.
36'4&”(}.!20'8333‘:& 5 1 | 85'55°C.|14:1666°C. 5 3
36:30°C.121-1111°C. . 2 " i 10 4
36:20°C .,FEIJ'DDD{]DU. » » 35-560°C.[18:3333°C. - 1
36:15°C.|2008333°C. o 3 ” 18:0555°C. 5 -
- 2000000°C. ' % 1 17-2222°C. 10 5
36-10°C. - o o - 16°6666°C. o -
s [12:4dd4s°C) 4 M
36:00°C. 20-8333°C. i 1 r 15:5555°C.| o o
. |2o7s00°C) % . |12-4dddlC. 3
s |200000°C. o o 2 9-4444°C | o o
3 1?'5{]0{)0{: 10 3 1 1) 23 !
s |L'72222°C. ” » 3 8:8888°C. = 3
35:95°C.{20:0000°C. ] T 35-45°C.|18-0555°C. 5 1
,, 19-4444°C. i 5 2 11-1111°C. 4 3
85-90°C.[21'1111°C.| " ” s " 4
s |20:0000°C. : » || 35:40°C.[17-2222°C. 10 2
T ':].B'GE‘EEQG- 2 13 1 15‘1111“0- 15 3
s |18-8888°C. % : | »  |16°0000°C.| 10 o
»  |13:3333°C. » 3 | s |13°8B88°C. o =
3r ¥ ¥ 4 ¥ llrﬁﬁﬁﬁnﬂ. 5 ¥
v 12-2222°C. is 3 | ¥ 11-1111°C. ol 3
3 1] 1':' 4 i £l 21 T 4,
35:85°C.[18:0555°C. 5 [ b 3 »  (L0'0000C, i 3
35°80°C.|21-1111°C. 53 1 | 3 | o 53 4
»  [2007500°C. 10 » | 86'35°C.[16:6666°C. 5 2
. [200000°C.| 20 > »  |144444°C. 10 7
»  [19:4444°C. & » » [13:8888°C| ,, u
o 18:3333°C. 10 - | - 13:3333°C.| b %
51 18'{}555GG+ 5 [E) | 1] 11.1111’:':' " 11
»  |L6°6666°C. o » | 85°30°C. 20:7500°C. o 1
,. 12-4444"C. o 4 | " 17-5000°C., 4 o
o 11-9444°C. e 3 I.I' - 14-4444°C. 10 2
N 8-8888°C. 10 4 | . 13-8888°C. 3 -
35-75°C.|18:3333°C.. 5 1 ‘ 85:252CH IR ) 5 2
o 13-3333°C. o 3 5 9-4444°C, - 3
o - i 4 |l 35:20°C,15.5555°C, 10 2
i 11-1111°C. o 3 | »  |L4:5000°C., 3 -
2 » 10 4 I ] 13-8888°C. 3 ]
35-70°C.|12-7777°C. - 2 N » |13:38383°C. i 35
»  [12:2222°C, 3 3 | » |[11'6666°C. s &
3565°C.117-5000°C. o 1 ' " 10-0000°C. 5 3
» [LI'66EEC, 2 | . » » 4
35'60°C.|17-2222°C. 2 1 " 9-4444°C. ” 3
»  (16:6666°C » » " 8:8888°C.| 10 0
»  |183-3333°C. » B ’ s » 4
2 s 33 4 | 35°15°C.[15-:0000°C. 5 2
. [11-6666°C. 10 3 || . [uasoooc) i
35-55°C.|18°0555°C. 5 1 | 2 413’3333"(‘}1 s 3
|
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Temperatures of | Number Temperatores of | Number
————*———— | of experi- | Tables. || - A y | of experi- | Tables.
Head. Air. ments. Head. Alr. ments.
35:15°C.|13-33338°C. 5 4 34-25°C.| BE888°C. 7] 3
85-10°C.|11'7222°C. 5 2 34-20°C.(11-7222°C. : 2
. 94444°C, B 3 - 10°0000°C. “ 3
o 8:8888°C.| 10 i > 8-8888°C.| 10 5
35-05°C.|12:2222°C, 5] 2 " TIT7eC. . .
" EEEBB‘}CI 22 o 3% 33 13 &
= - 4 4 . 4:5000°C., b “
35:00°C.|17-5000°C. 5 1 34-15°C.| 8-8888°C. . 3
<o 16-1111°C. s 2 34-10°C.| 8:3333°C. 7 -
» |13:8888°C.| 20 || 5 i 4
S i b R 3 | BonRRE| RS o
»  (11-7222°C. = 2 34:05°C.| 77777°C.| 10 3
5 |10:0000°C, i 3 =3 < o 4
o ” 3 4 34:00°C.| 6:1111°C. 5 -
34:90°C.|16:6666°C.| 10 2 2 5'0000°C, » »
5 IEISSSSDG‘ '5 i1 » 41000[}3(: 3 3
23 13-3333°C. 10 ” el 2:5555°C. 3 "
- 8-8888:C. & 3 83'95°C.| 8:8888°C. E 3
23 ¥ 5 4 LE ] LA EF ] d’
- 8:3333°C. - 3 . 4-5000°C.| 10 o
L) L) i 4 13 4-0000°C. 5 "
34-85°C.|16-6666°C. & 2 o 3:556656°C.| 10 o
34-80°C.|16:1111°C. = > = 2-0000°C. 5] -
e 8:8888°C.| 15 33-90°C.|11-1111°C. - 2
34-75°C. » 5 o % 6:1111°C,| 10 4
34-70°C.|11°7222°C. o Z 4 55655°C. 5 £
= 9-4444°C. a & o 50000°C.| 10 3
34:65°C.|10°0000°C. i 3 33-85°C.| 4:5000°C. 5 .
o = 10 4 - 2:5555°C. 10 -
34'60°C.[13-3333°C. 5 2 33-80°C.[111111°C. o 2
5 8-8888°C.| 10 3 e 5°5555°C. " 4
= 8:3333°C. 5 4 4 3-5565°C. S %
A » 15 = = 2:0000°C.| 10 e
34-55°C.| 8'8888°C. 5 33-75°C.| 4-5000°C. 5 -
5 TAT°Cl. 10 2 33:70°C.| 5:5555°C. % =
1] 1y (1] 4 | 1) 2'5555?0' [} 3]
34:50°C.[12-2255°C. 5 2 || 8365°C.| 8-8888°C. 5 3
i 12:2222°C. - » || 88:55°C.| 3:5565°C. 3 4
34:40°C.[13:3333°C. i . Il 83:53°C.| 8:8888°C. 5 %
e 9-4444°C. 3 3 33:50°C.| 2:55565°C. » "
o » = 4 33:45°C.| 8-3333°C.| 10 3
E I8 it B (RS 3 || 8380°C.| 6:1111°C.| 5 4
» E 10 4 | 33-10°C.| 8-8888°C. - 3
| 6:1111°C. o NG| | " . 4
34-35°C.|11-1111°C. ] | 82:90°C.| 2:5555°C. i "
34-30°C.[10-5555°C. n » || 32:80°C.| 5:0000°C. £ i
- 9-4444°C.| 15 4 || 32:60°C.| 4-5000°C. - 2
, | 8'8888°CI 5 3 || 32:55°C.| &0000°C.| ”
n 813333&[}' 1{} 1 i grﬂﬂch- )] 1
a ¥ 5 ] 3' 5555”0. ¥y 13
LR 5.5555¢G' 1[! ET] BEEGJ}C, £ 3 35
i 4‘{][]':'[}':'0' 5 EL EL E-Eﬁﬁﬁnc' »y 23
34:25°C.|11:6666°C. z || . |zoooocc) .
" 11-1111°C. HH ) l 32:45°C. tH ] »
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Average temperature of the air found Average temperature of the air found .
with temperatures of the head with temperatures of the head
at and above 35°C. below 35°C.
11:4704°C., 7-5390°C.

Here the average temperature of the air accompanying the
set of higher temperatures of the head is above the cor-
responding value found with the set of lower temperatures
of the head by 3:9310° C.

It we take the average of all the temperatures of the
head found with temperatures of the air at and above
11:6666° C., and the average of all the temperatures of the
head found with temperature of the air below 11:6666° C., we
have the following results :

Average temperature of the head found  Average temperature of the head found

with temperatures of the air with temperatures of the air
at and above 11'6666°C. below 11'6666°C.
35:4647°C, 34:3117°C.

The average temperature of the head is, therefore, a little
higher between 11:6666° C. and 21'1111° C. (highest tem-
perature noted) than between 11'6666° C. and 2° C. (lowest
temperature noted).

If we take the average temperature of the air, and the
average temperature of the head in each table we have the
following values :

Average temperatures Average temperatures
of air. of head.
B L e e ety s A G DIl L e 35-7945°C.
L P i e o, U B R S G SR i b Yt
B R e e B e g e D D G
3 e A P ?'ﬂlé?ac- o BB R 34‘1939‘5[1

From the above values there appears to be a general
relation between the average temperatures of the air and of
the head in the several tables compared with each other :
thus as the average temperature of the air falls, in the list,
the average temperature of the head likewise declines; but
the fall in the head is but slight compared with that occur-
ring in the air, the maximum of the former being only 1-6°
C., while the latter, at its greatest, is 11-9° C.
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Undoubtedly the seasons at which the different experiments
were made have an effect on our results apart from the
simple absolute temperatures concerned. There is no doubt
that the vaso-motor system of nerves plays an important
part in the alterations of the peripheric temperature gene-
rally ; and it would further appear that the steady elevation
or depression of the atmospheric thermal mean accompanying
the change of the seasons, acts more constantly and per-
sistently on these nerves than transient and irregular varia-
tions of the temperature of the air. In a recent article on
the peripheric temperature, M. Louis Couty has given
evidence that the temperature of the palm of the hand is
affected in a manner according with the above view.* Now
the experiments of Table 1 were made in August and Sep-
tember ; those of table 2 in March and April ; and those of
Table 8 and 4 in December, January, and' February. Un-
fortunately the tables for the winter months do not range
sufficiently high, and those for the spring and summer
months do not range sufficiently low, to admit of a com-
parison of the effect of the same temperature of the air, at
different seasons, on the temperature of the head. To make
this comparison, the ranges of the atmospheric temperatures
in the tables would have to be extended both upwards and
downwards by artificial means.

€ ¢ Recherches sur la température périphérique, &c.,”” Archives de Physio-
logie normale et pathologique,” Jan, and Feb., 1880, p. 94.

—— S
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Provincial Veterinary Surgeon to the Royal Agricultural Society.

VETERINARY PHARMACOLOGY AND THERAPEU-
TICS. With an Index of Diseases and Remedies. Fcap. &vo, 5s.

SAMUEL D. GROSS, m.p, LL.D., D.C.L. OXON.
Professor of Surgery in the Fefferson Medical College of Philadelphia.

A PRACTICAL TREATISE ON THE DISEASES, IN-
JURIES, AND MALFORMATIONS OF THE URINARY
BLADDER, THE PROSTATE GLAND, AND THE URETHRA.,

Third Edition, revised and edited by 8. W. GROSS, A.M., M.D.,
Surgeon to the Philadelphia Hospital. Illustrated by 170 engravings,

8vo, 18s.

SAMUEL W, GROSS, A.M., M.D.
Surgeon to, and Lecturer on Clinical Surgery in, the Fefferson Medical College Hospital,
and the Philadeliphia Hospital, &c.

A PRACTICAL TREATISE ON TUMOURS OF THE

MAMMARY GLAND: embracing their Histology, Pathology, Dia-

onosis, and Treatment. With Illustrations, 8vo, 10s. 6d.

WILLIAM A. HAMMOND, Mm.D.
Professor of Mental and Nervous Diseases in the Medical Department of the Universily of
the City of New York, &c.

I,
A TREATISE ON THE DISEASES OF THE NERVOUS
SYSTEM. Seventh edition, with 112 Illustrations, large 8vo, 25s.

II.

A TREATISE ON INSANITY. Large 8vo, 25s.

I11.

SPIRITUALISM AND ALLIED CAUSES AND CON-
DITIONS OF NERVOUS DERANGEMENT. With Illustrations,

post 8vo, 8. 6d.
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ALEXANDER HARVEY, M., D

Emeritus Professor of Materia Medica in the University of Aberdeen; Consulting Physician
fothe Aberdeen Royal Infirmary, &e.

FIRST LINES OF THERAPEUTICS; as based on the
Modes and the Processes of Healing, as occurring Spontaneously in Dis-
ease; and on the Modes and the Processes of Dying, as resulting
Naturally from Disease. In a series of Lectures, Post 8vo, 5s.

II.

ON THE FETUS IN UTERO AS INOCULATING THE
MATERNAL WITH THE PECULIARITIES OF THE PATER-
éﬁTAL GPEG&NISM. In a series of Essays now first collected. Fcap.

Vo, 48. bd.

ALEXANDER HARVEY, mp.

Emeritus Professor of Materia Medica in the Umversity of Aberdeen, &c.
AND

ALEXANDER DYCE DAVIDSON, M.D., F.R.S. EDIN.

Late Regins Professor of Materia Medica in the University of dberdeen.

SYLLABUS OF MATERIA MEDICA FOR THE USE
OF STUDENTS, TEACHERS AND PRACTITIONERS Based

on the relative wvalues of articles and preparations in the British
Pharmacopeeia. Eighth Edition, 32mo, 15, 6d.

K. M. HEANLEY.
Matron of Boston Cottage Hospital.

A MANUAL OF URINE TESTING. Compiled for the

use of Matrons, Nurses, and Probationers. Post 8vo, 1s. 6d.

GRAILY HEWITT, M.D.
Professor of Midwifery and Diseases of Women in University College, Obstetrical Plysician
to University College Hospital, &e.

OUTLINES OF PICTORIAL DIAGNOSIS OF DIS-
EASES OF WOMEN. Folio, 6s.

BERKELEY HILL, M.B. LOND., F.R.C.5.
Professor of Clinieal Surgery in University College ; Surgeon to Universily College
Huospital and {o the Lock Hospifal,

THE ESSENTIALS OF BANDAGING. With directions
for Managing Fractures and Dislocations ; for administering Ether and
Chloroform; and for using other Surgical Apparatus; with a Chapter
on Surgical Landmarks. Sixth Edition, revised and enlarged, Illustrated
by 144 Wood Engravings, crown 8vo, 58 [Fust published,
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BERKELEY HILL, M.B. LOND., F.R.C.S.
Professor of Clinical Surgery in University College : Surgeon fo University College
Hospital and to the Lock Hospital.

AND

ARTHUR COOPER, L.R.C.P.,, M.R.C.5.

Surgeon to the Westminster General Dispensary.

I.
SYPHILIS AND LOCAL CONTAGIOUS DISORDERS.
Second Edition, entirely re-written, royal 8vo, 18s,

1.
THE STUDENT’S MANUAL OF VENEREAL DIS-
EASES. Being a Concise Description of those Affections and of their
Treatment. Fourth Edition, post 8vo, 2s. 6d.

SIR W. JENNER, Bart., m.p.
Physician in Ovdinary to H.M, the Queen, and to H.R.H. the Prince of Wales.

THE PRACTICAL MEDICINE OF TO-DAY: Two
Addresses delivered before the British Medical Association, and the
Epidemiological Society, (186g). Small 8vo, 1s. 6d.

C. M. JESSOP, M.R.C.P.
Associate of King's College, London ; Brigade Surgeon H M. British Forces.

ASIATIC CHOLERA, being a Report on an Outbreak
of Epidemic Cholera in 1876 at a Camp near Murree in India. With
map, demy 8vo, zs. 6d.

GEORGE LINDSAY JOHNSON, MA., M.B., B.C. CANTAB.

Clinical Assistant, late House Surgeon and Chloroformist, Royal Westminster Ophihalmic
Hospital, &c.

A NEW METHOD OF TREATING CHRONIC GLAU-
COMA, based on Recent Researches into its Pathology. With Illus-
trations and coloured frontispiece, demy 8vo, 3s. 6d.

RUSTOMJEE NASERWANJEE KHORY, M.D. ERUX.
Member of the Royal College of Physicians.

THE PRINCIPLES AND PRACTICE OF MEDICINE.

Second Edition, revised and much enlarged, 2 vols., large 8vo, 28s,.
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NORMAN W. KINGSLEY, M.D.s., D.D.S.

President of the Board of Censovs of the Stafe of New York; Member of the American
Academy of Dental Science, &c.

A TREATISE ON ORAL DEFORMITIES AS A
BRANCH OF MECHANICAL SURGERY. With over 350 Illustra-
tions, 8vo, 16s.

E. A. KIREBY, M.D.,, M.R.C.S. ENG.
Late Physician o the City Dispensary.

L.

A PHARMACOP@EIA OF SELECTED REMEDIES,
WITH THERAPEUTIC ANNOTATIONS, Notes on Alimentation
in Disease, Air, Massage, Electricity and other Supplementary Remedial
Agents, and a Clinical Index ; arranged as a Handbook for Prescribers.
Sixth Edition, enlarged and revised, demy 4to, 7s.

II.

ON THE VALUE oFr PHOSPHORUS AS A
REMEDY FOR LOSS OF NERVE POWER. Fifth Edition, 8Svo,
25, Gd.

J. WICKHAM LEGG, F.r.C.P.

Assistant Physician to Saint Bartholomew's Hospital, and Lectuver oi Pathological
Anatomy in the Medical School.

T

ON THE BILE, JAUNDICE, AND BEILIOUS DISEASES.
With Illustrations in chromo-lithography, 719 pages, roy. 8vo, 25s.

IT.

A GUIDE TO THE EXAMINATION OF THE URINE;
intended chiefly for Clinical Clerks and Students. Sixth Edition, revised
and enlarged, with Illustrations, fcap. 8vo, 2s. 6d.

111.

A TREATISE ON HAMOPHILIA, SOMETIMES
CALLED THE HEREDITARY HAMOERHAGIC DIATHESIS.

Fcap. 4to, 7s. 6d.

DR. GEORGE LEWIN.

FProfesscr aé the Fr. Wilh. Untversity, and Surgeon-in-Chief of the Syphilitic Wards and
Skin Disease Wards of the Charité Hospital, Berlin.

THE TREATMENT OF SYPHILIS WITH SUBCUTA-
NEOUS SUBLIMATE INJECTIONS. Translated by Dgr.  CarL
PrEGLE, and Dr. E, H. GaLg, late Surgeon United States Army.

Small 8vo, 7s.
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LEWIS’S PRACTICAL SERIES.

Under this title Mr. Lewis is publishing a Series of Monographs, em-
bracing the various branches of Medicine and Surgery.

The volumes are written by well-known Hospital Physicians and Sur-
geons, recognized as authorities in the subjects of which they treat. The
works are intended to be of a THOROUGHLY PRACTICAL nature, calculated
to meet the requirements of the general practitioner, and to present the
most recent information in a compact and readable form.

TREATMENT OF DISEASE IN CHILDREN: INCL UDING THE OUT-
LINES OF DIAGNOSIS AND THE CHIEF PATHOLOGICAL DlI-'F_l-I‘I{F-
ENCES BETWEEN CHILDREN AND ADULTS. By ANGEL MONEY,
M.D., M.R.C.P., Assistant Physician to the Hospital for Children, Great Ormond
Street, and to the Victoria Park Chest Hospital. Crown &vo, 108 6d. [Ready.

ON FEVERS: THEIR HISTORY, ETIOLOGY, DIAGNOSIS, PROGNOSIS,
AND TREATMENT. By ALEXANDER COLLIE, M.D, Aberd., Member
of the Royal College of FPhysicians of London; Medical Superintendent of the
Eastern Hospitals; Secretary of the Epidemiological Society for Germany and
Russia, Illustrated with Coloured Flates, erown 8vo, §s. 6d. [Ready.

HANDBOOK OF DISEASES OF THE EAR FOR THE USE OF STUDENTS
AND PRACTITIONERS. By URBAN PRITCHARD, M.D. Edin., F.R.C.5.
Eng., Professor of Aural Surgery at King's College, London; Aural Surgeon to
King's College Hospital; Senior Surgeon to the Royal Ear Hospital. With
Illustrations, crown 8vo, 48. 6d. [Ready.

A PRACTICAL TREATISE ON DISEASES OF THE KIDNEYS AND
URINARY DERANGEMENTS. By CHARLES HENRY RALFE, M.A,
M.D. Cantab, Fellow of the Royal College of Physicians, London; Assistant
Physician to the London Hospital; Examiner in Medicine to the University of
Durham, etc., etc. With Illustrations, crown 8vo,108. Gd. [Ready.

DENTAL SURGERY FOR GENERAL PRACTITIONERS AND STUDENTS
OF MEDICINE. By ASHLEY W. BARRETT, M.B. Lond., M.R.C.S,, L.D.S.,
Dental Surgeon to, and Lecturer on Dental Surgery and Pathology in the Medical
School of, the London Hospital. With Illustrations, cr. 8vo, 3s. | Ready.

BODILY DEFORMITIES AND THEIR TREATMENT: A HANDBOOK OF
PRACTICAL ORTHOPEDICS. By H. A, REEVES, F.R.C.5. Edin., Senior
Assistant Surgeon and Teacher of Practical Surgery at the London Hospital;
Surgeon to the Royal Orthopamdic Hospital, &e. With numerous Illustrations,
cr. &vo, Bs 6d. [Ready.

Further volumes will be announced in due course.
*#.* Prospectus of the Series with specimen pages, &c., on application

[P - e ——

LEWIS’S POCKET CASE BOOK FOR PRACTITIONERS
AND STUDENTS. Designed by A. T. BRAND, M.D. Roan,with
pencil, 3s. 6d. neft.

LEWIS’S POCKET MEDICAL VOCABULARY.

Over 200 pp., 32mo, roan, 3s. 6d.

—

J. S. LOMBARD, mM.D.
Formerly Assistant Professor of Physiology in Harvard College.
I

EXPERIMENTAT, RESEARCHES ON THE REGIONAL
TEMPERATURE OF THE HEAD, under Conditions of Rest, In-
tellectual Activity and Emotion. With Illustrations, 8vo, 8s.

Il

ON THE NORMAL TEMPERATURE OF THE HEAD.

8vo, 5s.
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WILLITAM THOMPSON LUSK, AM., M.D.
Professor of Obstetrics and Diseases of Women in the Bellevue Hospital Medical College, &c.

THE SCIENCE AND ART OF MIDWIFERY. Third

Edition, revised and enlarged, with numerous Illustrations, 8vo, 18s.

JOHN MACPHERSON, M.D.
Iuspector-General of Hospitals H. M. Bengal drmy (Refived).
Aunthor of ““ Cholera in its Home," &e.

I

ANNALS OF CHOLERA FROM THE EARLIEST
PERIODS TO THE YEAR 1817. Witha map. Demy 8vo, 7s. 6d.

IT

BATH, CONTREXEVILLE, AND THE LIME SUL-
FHATED WATERS. Crown 8vo, 2s. 6d.

DR. V. MAGINAN.

Physician to St. Ann Asylum, Paris; Laureale of the Institute.

ON ALCOHOLISM, the Various Forms of Alcoholic

Delirium and their Treatment. Translated by W. S. GREENFIELD,
M.D., M.R.C.P. 8vo, 7s. 6d.

A. COWLEY MALLEY, B.A.,, M.B,, B.CH. T.C.D.

PHOTO-MICROGRAPHY ; including a description of
the Wet Collodion and Gelatino-Bromide Processes, tnageth&r with the
best methods of Mounting and Preparing Microscopic Objects for Fhoto-
Micrography. Second Edition, with Photographs and Illustrations,
crown 8vo, 7s. 6d.

PATRICK MANSON, M.D., CM.

Amoy, Chinag.

THE FILARIA SANGUINIS HOMINIS: AND CER-
TAIN NEW FORMS OF PARASITIC DISEASE IN INDIA,
CHINA, AND WARM COUNTRIES, Illustrated with Plates and
Charts. 8vo, 10s. 6d.

PROFESSOR MARTIN.

MARTIN'S ATLAS OF OBSTETRICS AND GYNZACO-
LOGY. Edited by A. MarTin, Docent in the University of Berlin.
Translated and edited with additions by Fancourt Barxes, M.D.,
M.R.C P., Physician to the Chelsea Hospital for Women ; Obstetric
Physician to the Great Northern Hospital; and to the Royal
Maternity Charity of London, &c. Medium 4to, Morocco half bound,
318, 6d. neit.
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WILLIAM MARTINDALE, F.c.s.
Late Examiner of the Pharmacentical Society, and late Teachey of Pharmacy and Demos-
strator of Materia Medica at University College.

AND

W. WYNN WESTCOTT, M.B. LOND.
Deputy Coroner for Central Middlesex.

THE EXTRA PHARMACOP@EIA with the additions in-
troduced into the British Pharmacopeeia, 1885, and Medical References,
and a Therapeutic Index of Diseases and Symptoms. Fourth Edition,
revised with numerous additions, limp roan, med. 24mo, 7s.

[Now ready.

WILLIAM MARTINDALE, r.c.s.

Late Examiner of the Pharmaceutical Soctefy, &c.

COCA, COCAINE, AND ITS SALTS: their History,
Medical and Economic Uses, and Medicinal Preparations. Fcap 8vo, 2s.

MATERIA MEDICA LABELS. Adapted for Public and
Private Collections. Compiled from the British Pharmacopceia of 1885.
The Labels are arranged in Two Divisions :(—

Division I.—Comprises, with few exceptions, Substances of Organ-
ized Structure, obtained from the Vegetable and Animal King-
doms.

Division IL—Comprises Chemical Materia Medica, including Alco-
hols, Alkaloids, Sugars, and Neutral Bodies.

On plain paper, 10s. 6d. nefé. On gummed paper, 12s5. 6d. nett.

¥ % Specimens of the Labels, of which there are over 450, will be sent on application.

S. E. MAUNSELL, L.R.CS.I.
Surgeon-Major, Medical Staff.

NOTES OF MEDICAL EXPERIENCES IN INDIA
PRINCIPALLY WITH REFERENCE TO DISEASES OF THE
EYE. With Map, post 8vo, 3s. 6d.

J. F. MEIGS, mp.
Consulling Physician to the Childven's Hospital, Philadelphia.

AND

W. PEPPER, m.o.

Lecturer on Clinical Medicine in the University of Pennsylvania.

A PRACTICAL TREATISE ON THE DISEASES OF
CHILDREN. Seventh Edition, revised and enlarged, roy. 8vo, 28s.



14 Catalogue of Worlks Published by H. K. Lewis.

Wm. JULIUS MICKLE, M.D., M.R.C.P. LOND.
Medical Supevintendent, Grove Hall Asylum, London, &c.

GENERAL PARALYSIS OF THE INSANE,

Second Edition, enlarged and rewritten, 8vo, 14s.

KENNETH W. MILLICAN, B.A. CANTAB., M.R.C.S.

THE EVOLUTION OF MOREBID GERMS: A Contribu-
bution to Transcendental Pathology. Cr. 8vo, 3s. 6d.

MONEY’S DISEASE IN CHILDREN.

[See LEwis’s PRACTICAL SERIES.]

E. A MORSHEAD, M.R.C.S.,, L.R.C.P.

Assistant to the Professor of Medicine in University College, London,

TABLES OF THE PHYSIOLOGICAL ACTION OF
DRUGS. Fcap. 8vo, 1s.

A, STANFORD MORTON, M.B., F.R.C.S. ED.
Surgeon to the Royal South London Ophthalmic Hospifal.
REFRACTION OF THE EYE: Its Diagnosis, and the
Correction of its Errors. Third Edition, with Illustrations, sma!l 8vo.

35,

C. W. MANSELL MOULLIN, M.A., M.D, OXOK., F.R.C.5. ENG.

Assistant Surgeon and Senior Demonsirvator of A natomy al the Loudon Hos}:fa‘af ; formerly
Radeliffe Travelling Fellow and Fellow of Pembroke College, Oxford.

SPRAINS; THEIR CONSEQUENCES AND TREAT-
MENT. Crown 8vo. [ Fust ready.

PAUL F. MUNDE, m.n.

Prafessar of Gynecology at the New York Polyelinie ; President of the New York Obstetrical
Society and Vice-President of the British Gynecological Sociefy, &c.

THE MANAGEMENT OF PREGNANCY, PARTURI-
TION, AND THE PUERPERAL STATE, NORMAL AND AB-
NORMAL. Square 8vo., 3s. 6d. [ Fust Published.

WILLIAM MURRELL, M.D., F.R.C.P,

Lecturer on Materia Medica and Therapeutics at Westminsier Hospital ; Examiner in
Materia Medica to the Royal College of Physicians of London, elc.

I

MASSAGE AS A MODE OF TREATMENT. Third Edit.,

with Illustrations, crown 8vo, 4s. 6d. [Fust published.
II,
WHAT TO DO IN CASES OF POISONING. Fifth
Edition, royal 32mo, 3s. 6d. [ Fust published.
IIL.

NITRO-GLYCERINE AS A REMEDY FOR ANGINA
PECTORIS. Crown 8vo, 3s. 6d.
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DR. FELIX von NIEMEYER.
Late Professor of Pathology and Therapeuntics ; Director of the Medical Clinic of the
University of Tiubingen.

A TEXT-BOOK OF PRACTICAL MEDICINE, WITH
PARTICULAR REFERENCE TO PHYSIOLOGY AND PATHO-
LOGICAL ANATOMY. Translated from the Eighth German Edition,
by special permission of the Author, by GEorce H. HumpHREY, M.D.,
and CHARLES E, Hackrey, M.D. Revised Edition, 2 vols., large 8vo, 36s.

GEORGE OLIVER, M.p., F.R.C.P.

L
THE HARROGATE WATERS: Data Chemical and Therapeu-
tical, with notes on the Climate of Harrogate. Addressed to the
Medical Profession. Crown 8vo, with Map of the Wells, 3s. 6d.

II-
ON BEDSIDE URINE TESTING: a Clinical Guide to the

Observation of Urine in the course of Work. Third Edition, revised
and enlarged, fcap. 8vo, 3s. 6d.

e

SAMUEL OSBORN, F.R.c.s.

Assistant-Surgeon to the Hospital for Women ; Surgeon Royal Naval Avtillery Volunteers
I.
AMBULANCE LECTURES: FIRST AID. With Illus-

trations, fcap. 8vo, 1s. 6d.
II.

AMBULANCE LECTURES: NURSING. With Illustrations,
fcap. 8vo, 1s. 6d.

ROBERT W. PARKER.

Surgeon to the East London Hos%rfn‘a! for c:fg;:ri? and fo the Grosvenor Hospital for
ORLEN (11 tldren.

TRACHEOTOMY IN LARYHGE&L DIPHTHERIA,
AFTER TREATMENT AND COMPLICATIONS. Second ]:ri:tn:m
With Illustrations, 8vo, 5s.

IT.

CONGENITAL CLUB-FOOT; ITS NATURE AND
TREATMENT. With special refereace to the subcutaneous division
of Tarsal Lizaments. 8vo, 7s. 6d.

JOHN S. PARRY, Mm.p.
Obsfetrician to the Philadelphia Hospital, Vice-President of the Obstelrical and Patholog:-
cal Societies of Philadelphia, &e.

EXTRA-UTERINE PREGNANCY ; Its Causes, Species,

Pathological Anatomy, Clinical History, Diagnosis, Prognosis and
Treatment. 8vo, 8s.
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E. RANDOLPH PEASLEE, M.D., LL.D.

Late Professor of Gynecology in the Medical Depariment of Dartmounth College ; President
of the New York Academy of Medicine, &e., &c.

OVARIAN TUMOURS: Their Pathology, Diagnosis, and

Treatment, especially by Ovariotomy. Illustrations, roy. 8vo, 16s.

G. V. POORE, M.D., F.R.C.P.

Professor of Medical Furisprudence, University Collepe; Assistanf Plysician to, and Physi-
cran it charge of the Throat Department of, Universily College Hospital.

LECTURES ON THE PHYSICAL EXAMINATION OF
THE MOUTH AND THROAT. With an Appendix of Cases. 8vo,

3s. 6d.

R. DOUGLAS POWELL, M.D., F.R.C.F., M.R.C.5.

Physician to the Middlesex Hospital, and Physician to the Hospital for Consumption and
Diseases of the Chest at Brompton.

DISEASES OF THE LUNGS AND PLEURZAE, INCLUD-
ING CONSUMPTION. Third Edition, entirely rewritten and en-
larged. With coloured plates and wood engravings, 8vo, 16s.

[ Fust published.

PRITCHARD’S DISEASES OF THE EAR.

[See LEwis's PracTIiCAL SERIES.]

CHARLES W. PURDY, M.p. (QUEEN’S UNIV.)

Professor of Genito-Urinary and Renal Diseases in the Chicago Polyclinic, &c., &c.

BRIGHT’S DISEASE AND THE ALLTED AFFECTIONS
OF THE KIDNEYS. Waith Illustrations, large 8vo, 8s. 6d.

RALFE’S DISEASES OF THE KIDNEYS.
[See LEwis's PRACTICAL SERIES.]

REEVES’S BODILY DEFORMITIES.
[See LEwis's PRACTICAL SERIES.]
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RALPH RICHARDSON, M.A., M.D,
Fellow of the College of Physicians, Edinburgh.

ON THE NATURE OF LIFE: An Introductory Chap-
ter to Pathology. Second Edition, revised and enlarged. Feap. 4to,

105. 6d.

W. RICHARDSON, M.A., M.D,, M.R.C.P.

REMAREKS ON DIABETES, ESPECIALLY IN REFER-
ENCE TO TREATMENT. Demy 8vo, 4s. 6d.

SYDNEY RINGER, M.D, F.R.sS.

Professor of the Principles and Practice of Medicine in University College; Physician fo,

and Prafessor of Clinical Medicine in, Universily College Hospital.,
I.
A HANDBOOK OF THERAPEUTICS. Eleventh Edition,
thoroughly revised, 8vo, 15s. [Now ready.
1L

ON THE TEMPERATURE OF THE BODY AS
A MEANS OF DIAGNOSIS AND PROGNOSIS IN PHTHISIS.

Second Edition, small 8vo, 2s. 6d.

FREDERICK T. ROBERTS, m.p, B.sC., F.R.C.F.

Examiner in Medicine at the Royal College of Surgeons ; Professor of Therapeutics in
University College ; Physician fo University College Hospital ; FPhysician fo
Brompton Consumption Hospital, &

I"

A HANDBOOK OF THE THEORY AND PRACTICE
OF MEDICINE. Sixth Edition, with Illustrations, in one volume,
large 8vo, revised and enlarged to over 1000 pages, 21s.

* ¥ Copies may also be had bound {n two volumes cloth for 15. 6d. exitra.

II.
THE OFFICINAL MATERIA MEDICA. i
Second Edition, entirely rewritten in accordance with the latest British
Pharmacopeeia, fcap. 8vo, 7s. 6d. [ Fust published.

B. LAWTON ROBERTS, M.D., M.R.C.S.

ILLUSTRATED LECTURES ON AMEULANCE WORK.
Second Edition, copiously Illustrated, crown 8vo, 2s. 6d.



18 Catalogue of Works Published by H. K, Lewis.

A. R. ROBINSON, M.B, L.R.CP., AND L.R.C.S. EDIN.
Professor of Dermatology at the New York Polyelinic.

A MANUAL OF DERMATOLOGY. With 88 Illustrations,

large 8vo, 21s.

ROBSON ROOSE, M.D.
Fellow af the Royal Collegs of Physicians in Edinburgh.
GOUT, AND ITS RELATIONS TO DISEASES OF
THE LIVER AND KIDNEYS. Fourth Edition, crown 8vo, 3s. 6d.
[In the press.

D. B. 5t. JOHN ROOQOSA, M.A., M.D.

Professor of Diseases of the Eye and Ear in the University of the City of New York; Surgeon
to the Manhattan Eye and Ear Hospital ; Consulting Surgeon to the Brooklyn Eye
and Eay Hospital, &c., &e.

A PRACTICAL TREATISE ON THE DISEASES OF
THE EAR, including the Anatomy of the Organ. Sixth Edition,
Ilustrated by wood engravings and chromo-lithographs, large 8vo, 25s.

d, BURDON SANDERSON, M.D., LL.D., F.R.S.
Jgodrell Professor of Physiology in University College, London.

UNIVERSITY COLLEGE COURSE OF PRACTICAL
EXERCISES IN PHYSIOLOGY. With the co-operationof F. J. M.

PaGg, B.5c,, F.C.S.; W. NorTH, B.A., F.C.5,, and Auc. WALLER, M.D.
Demy 8vo, 3s. 6d.

W. H. O. SANKEY, M.D.LOND., F.R.C.P.

Late Lecturer on Mental Diseases, University College and School of Medicine for Women,
London ; Formerly Medical Superintendent (Female Department) of Hanwell
Asylum ; President of Medico-Psychological Societ i, &

LECTURES ON MENTAL DISEASE. Second Edition, with

coloured plates, 8vo, 12s. 6d.

JOHN SAVORY.
Member of the Socicty of A fpothecaries, London.

A COMPENDIUM OF DOMESTIC MEDICINE AND
COMPANION T0O THE MEDICINE CHEST: Intended as a
source of easy relerence for Clergymen, Master Mariners, and Tra-
vellers ; and for Families resident at a distance from professional assist-
ance. Tenth Edition, sm. 8vo, 58, [Now ready.
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ALDER SMITH, M.B. LOND., F.R.C.S.
Kesident Medical Oficer, Clrist’s Hospital, London.

RINGWORM : Its Diagnosis and Treatment. Third Edit.,
rewritten and enlarged. With Illustrations, fcap. 8vo, 5s. 6d.

J. LEWIS SMITH, m.p. _
Physictan to the New York Infants' Hospital ; Clinical Lecturer on Diseases of Children
in Bellevie Hospitad Medical College.

A TREATISE ON THE DISEASES OF INFANCY
AND CHILDHOOD. Fifth Edition, with Illustrations, large 8vo, 21s

FRANCIS W. SMITH, Mm.E., B.s.
THE SALINE WATERS CF LEAMINGTON. Second Edit.,

with Illustrations, crown 8vo, 1s. neff.

— —

JAMES STARTIN, M.B.,, M.R.C.S.
Surgeon and Foint Lecturer fo St Fohn's Hospital for Diseases of the Skin,

LECTURES ON THE PARASITIC DISEASES OF
THE SKIN. VEGETOID AND ANIMAL. With Illustrations,

crown 8vo, 2s. 6d.

LEWIS A. STIMSON, B.A., M.D.

Surgeon to the Presbyferian and Bellevue Hospitals ; Pr-rfr:smr of Clinical Surgery in the
Medical Faculty of the University of the City of New York, &c.

A MANUAL OF OPERATIVE SURGERY. With three
hundred and forty-two Illustrations. Second Edit., post 8vo, 10s. 6d.
[Fust published.

ADOLF STRUMPELL.
Direcior of the Medical Clinic in the University of Evlangen,

A TEXT-BOOK OF MEDICINE FOR STUDENTS
AND PRACTITIONERS. Translated from the latest German edition
by Dr. H. F. Vickery and Dr. P. C. Knarp, with Editorial Notes by
Dr. F. C. SHATTUCK, Visiting Physician to the Massachusetts General
Hospital, etc. Complete in one large vol., imp. 8vo, with 111 Illustra-
tions, 28s. [ Fust published.

C. W. SUCKLING, M.D. LOND., M.R.C.P,

Professor of Materia Medica and Therapentics aé the (ueen's College, Physician fo the
Queen's Hospetal, Birningham, ete.

ON THE DIAGNOSIS OF DISEASES OF THE

BRAIN, SPINAL CORD, AND NERVES., With Illustrnl_;inns,
crown 8vo, 8s. 6d. [ Fust published.
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JOHN BLAND SUTTON, F.R.C.S.

Lecturer on Comparative Anatomy, Senior Demonstrator of Anatomy, and Assistani Surgeon
to the Middiesex Hospifal ; Evasmus Wilson Lecturer, Royal College of
Surgeons, England.

LIGJ&MEHTS: THEIR NATURE AND MORPHOLOGY.
With numerous Illustrations, post 8vo, 4s. 6d. [Now ready.

— ———— e

HENRY R. SWANZY, a.M., M.B.,, F.R.C.5.1

Examiner in Ophthalmic Susgery at the Royal College of Surgeons, Iveland ; Surgeon to the
National Eye and Ear Infirmary, Dublin : Ophthalmic Surgeon at the
Adelaide Hospital, Dublin.

HANDBOOK OF DISEASES OF THE EYE AND THEIR
TREATMENT. Illustrated with wood-engravings, colour tests, etc.,
large post 8vo, 10s. 6d.

JOHN DAVIES THOMAS, M.D. LOND., F.R.C.S. ENG.
Physician to the Adelaide Hospital, 5. Australia.

I

HYDATID DISEASE, WITH SPECIAL REFERENCE
TO ITS PREVALENCE IN AUSTRALIA. Demy 8vo, 10s. 6d.

II,

HYDATID DISEASE OF THE LUNGS. Demy 8vo, 2s.

HUGH OWEN THOMAS, M.R.C.S.

DISEASES OF THE HIP, KNEE, AND ANKLE
JOINTS, with their Deformities, treated by a new and efficient method.
Second Edition, 8vo, 25s.

II.
CONTRIBUTIONS TO MEDICINE AND SURGERY :—

ParT 1.—Intestinal Obstruction; with an Appendix on the Action of
Remedies. 10s.

» 2.—The Principles of the Treatment of Joint Disease, Inflamma-
tion, Anchylosis, Reduction of Joint Deformity, Bone Set-
ting. 5s.

»» 4.—The Collegian of 1666 and the Collegians of 1885; or what is
recognised treatment? 2s. 6d.

w  5—0n Fractures of the Lower Jaw. 1s.

.» 6.—The Principles of the Treatment of Fractures and Disloca-

tions. I0s.

»w 8.—The Inhibition of Nerves by Drugs. Proof that Inhibitory
Nerve-Fibres do not exist. 1s.

(Parts 3, 7, 0, 10, are in preparation).
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J. ASHBURTON THOMPSON, wm.r.C.5.

Late Surgeon at King's Cross fo the Great Northern Railway Company.

FREE PHOSPHORUS IN MEDICINE WITH SPE-
CIAL REFERENCE TO ITS USE IN NEURALGIA. A contribution
to Materia Medica and Therapeutics. An account of the History, Phar-
maceutical Preparations, Dose, Internal Administration, and Therapeu-
tic uses of Phosphorus; with a Complete Bibliography of this subject,
referring to nearly 200 works upon it. Demy Bvo, 7s. 6d.

J. C. THOROWGOOD, wM.p.
Assistant Physician to the City of London Hospilal for Diseases of the Chest,

THE CLIMATIC TREATMENT OF CONSUMPTION
AND CHRONIC LUNG DISEASES. Third Edition, post 8vo, 3s 6d.

EDWARD T, TIBEBITS, M.p. LOND.
Physician to the Rradford Infirmary ; and to the Bradford Fevey Hospital.

MEDICAL FASHIONS IN THE NINETEENTH CEN-
TURY, including a Sketch of Bacterio-Mania and the Battle of the
Bacilli. Crown 8vo, 2s. 6d.

H. H. TOOTH, M.A., M.D.,, M.R.C.P.

Assistant Demonsirator of Plysiology at 5t. Bartholomew's Hospital.

THE PERONEAL TYPE OF PROGRESSIVE MUSCU-
LAR ATROPHY. B8vo, 1s.

FREDERICK TREVES, F.R.c.s.

Hunterian Professor at the Royal College of Surgeons of England ; Surgeon to and Lectures
o Anatomy at the London Hospital,

THE ANATOMY OF THE INTESTINAL CANAL AND
PERITONEUM IN MAN. Hunterian Lectures, 1885. 4to, 2s. 6d.

D. HACK TUKE, M.p., LL.D.
Fellow of the Royal College of Physicians, London.

THE INSANE IN THE UNITED STATES AND
CANADA. Demy 8vo, 7s. 6d.

LAURENCE TURNBULL, M.D., PH.G.
Aural Surgeon to Fefferson Medical College Hospital, &c., &e.

ARTIFICIAL ANASTHESIA: A Manual of Anmssthetic
Agents, and their Employment in the Treatment of Disease. Second
Edition, with Illustrations, crown 8vo, 6s.
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DR. R. ULTZMANN.

ON STERILITY AND IMPOTENCE IN MAN. Translated
from the German with notes and additions by ArTHUR CooPER, L.R.C.P.,
M.R.C.S., Surgeon to the Westminster General Dispensary. With Illus-
trations, fcap. 8vo, 2s. 6d.] [Fust ready.

W. H. VAN BUREN, M., LL.D.
Prafessor of Surgery in the Bellevue Hospital Medical College.

DISEASES OF THE RECTUM: And the Surgery of
the Lower Bowel. Second Edition, with Illustrations, 8vo, 14s.

RUDOLPH VIRCHOW, mM.D.
Professor in the University, and Member of the Academy of Sciences of Berlin, &¢., &¢.

INFECTION - DISEASES IN THE ARMY, Chiefly
Wound Fever, Typhoid, Dysentery, and Diphtheria.  Translated from
the German by Joux James, M.B., F.R.C.S. Fcap. 8vo, 1s. 6d.

e —

ALFRED VOGEL, wm.p.

Professor of Clinical Medicine in the University of Dorpat, Russia.

A PRACTICAL TREATISE ON THE DISEASES OF
CHILDREN. Third Edition, translated and edited by H. RaPHAEL,
M.D., from the Eighth German Edition, illustrated by six lithegraphic
Plates, part coloured, royal 8vo, 18s.

A. DUNBAR WALKER, M.p., C.M.
THE PARENT’S MEDICAL NOTE BOOK. Oblongpost8vo,

cloth, 1s. 6d.

JOHN RICHARD WARDELL, M.D. EDIN,, F.R.C.P. LOND.
Late Consulting Physician to the General Hospital Tunbridge Wells.

CONTRIBUTIONS TO PATHOLOGY AND THE PRAC-
TICE OF MEDICINE. Medium Svo, 215. ;

W. SPENCER WATSON, F.R.Cc.5. ENG., B.M. LOND.

Surgeoit fo the Great Northerss Hospital ; Surgeon to the Roval South London Ophthaluie
Hospital.

|

DISEASES OF THE NOSE AND ITS ACCESSORY
CAVITIES. Profusely Illustrated. Demy 8vo, 18s.
I1.

EYEBALL-TENSION: Its Effects on the Sight and its

Treatment. With woodcuts, p. 8vo, 2s. 6d.
I1I.

ON ABSCESS AND TUMOURS OF THE OREIT. Post
8vo, 2s. 6d.
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FRANCIS H. WELCH, Fr.r.cs.
Surgeon Major, A.M.D.

ENTERIC FEVER: as Illustrated by Army Data at Home
and Abroad, its Prevalence and Modifications, /Etiology, Pathology and
Treatment. 8vo, 5s. Ad.

W. WYNN WESTCOTT, M.E.
Deputy Coroner for Central Middlesex.

SUICIDE; its History, Literature, Jurisprudence, and

Prevention. Crown 8vo, 6s.

E. T. WILSON, B.M. 0XON., F.R.C.F. LOND.

Ehysician to the Cheltenham General Hospital and Dispensary.

DISINFECTANTS AND HOW TO USE THEM. In

Packets of one doz. price 15,

DR. F. WINCKEL.

Formerly Professor and Divector of the Gynecological Clinie at the University of Rostock.

THE PATHOLOGY AND TREATMENT OF CHILD-
BED: A Treatise for Physicians and Students. Translated from the
Second German edition, with many additional notes by the Author,
by J. R. Crapwick, M.D. 8vo, 14s.

EDWARD WOAKES, M.n. LOND.

Senior Aural Surgeon and Lecturer on Auval Surgery at the London Hospital ; Surgeon
to the London Throat Hospifal.

I

OI%'_IE]?I’L%AFHEES, GIDDINESS AND NOISES IN THE

Vor. I.—POST-NASAL CATARRH, AND DISEASES OF THE NOSE
CAUSING DEAFNESS. With Illustrations, cr. 8vo, 6s. 6d.

Vor. II.—ON DEAFNESS, GIDDINESS AND NOISES IN THE
HEAD. Third Edition, with Illustrations, cr. 8vo. [In preparation.
ITI.

NASAL POLYPUS: WITH NEURALGIA, HAY-FEVER,
AND ASTHMA, IN RELATION TO ETHMOIDITIS. With
Illustrations, cr. 8vo. [ Fust ready.

DAVID YOUNG, M.c., M.B., M.D, :
Licentiate of the Royal College of Physicians, Edinburgh ; Licentiafe of the Royal College
of Surgeons, Edinburgh ; Fellow of, and late Examiner in Midwifery to,
the University of Bombay ; ele.
ROME IN WINTER AND THE TUSCAN HILLS IN

SUMMER. A ConTrIBUTION To THE CLIMATE ofF Itary., Small
8vo, 6s.
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HERMANN VON ZEISSL, mp.
L ate Prafessor af the Imperial Royal University of Vienna,

OUTLINES OF THE PATHOLOGY AND TREAT-
MENT OF SYPHILIS AND ALLIED VENEREAL DISEASES.
Second Edition, revised by M. vox ZEeissr, M.D., Privat-Docent for
Diseases of the Skin and Syphilis at the Imperial Royal University of
Vienna. Translated, with Notes, by H. RarnaerL, M.D., Attending
Physician for Diseases of Genito-Urinary Organs and Syphilis, Bellevue
Hospital, Out-Patient Department. Large 8vo, 18s.  [Fust published.

Clinical Charts For Temperature Observations, ete.
Arranged by W. Ricpewn, M.R.C.S. 7s. per 100, or 1s. per dozen.

Each Chart is arranged for four weeks, and is ruled at the back for making notes of
cases; they are convenient in size, and are suitable both for hospital and private practice.

PERIODICAL WORKS PUBLISHED BY H. K. LEWIS.

THE NEW SYDENHAM S0OCIETY'S PUBLICATIONS. Annual Subscription, One
Guinea.

(Report of the Society, with Complete List of Works and other information, gratis on
application.)

THE NEW YOEEK MEDICAL JOUENAL. A Weelly Review of Medicine, Annupal
Spbscription, One Guinea, post free.

THE THERAPEUTIC GAZETTE. A Monthly Journal, devoted to the Science of
Pharmaceology, and to the introdection of New Therapeutic Agents. Edited by Drs. H.
C. Wood and B. M. Smith. Annval Subscription, 1os., post free.

THE GLASGOW MEDICAL JOURNAL. Published Monthly., Annual Subseription,
205., post free. Single numbers, 25. each.

LIVERFOOL MEDICO-CHIRURGICAL JOURNAL, including the Proceedings of
the Liverpool Medical Institution. Puoblished twice yearly, 3s. 6d. each number.

THE INDIAN MEDICAL JOURNAL. A Journzl of Medical and Sanitary Science

spa:i?ll}' devoted to the Interests of the Medical Services. Annual Subscription, z4s.,
post free.

MEDICAL BULLETIN. A Monthly Journal of Medicine and Surgery. Edited by Dr.
J- V. Shoemaker. Annual Subscription, 5s.

THE FPROVINCIAL MEDICAL JOURNAL. Edited by Thomas M. Delan, M.D.
Annual Subscription, 73. 6d., post free.

TRANSACTIONS OF THE COLLEGE OF PHYSICIANS OF PHILADELPHIA.
Volumes I. to VI., now ready, 8ve, 105, 6d. each.

MIDDLESEX HOSPITAL, REPORTS OF THE MEDICAL, SURGICAL, AND
Pathalogical Registrars for 1883, 1884 and 1885. Demy 8vo, 25, 6d. neff each volume.

-

*." Mr. LEwIs is in constant communication with the leading publishing
firms in America, and has transactions with them for the sale of his pub.
lications in that country. Advantageous arrangements are made in the
interests of Authors for the publishing of their works in the United States.

Mr. Lewis’s publications can be procured of all Booksellers in any part of
the world.

London: Printed by H. K Lewis, 136 Gower Street, W.C.
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