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PREBA CE.

THE experiments contained in this book were commenced
early in January, 1877, and were pursued with but slight inter-
ruptions until March of the present year, the total number of
observations made in this time being upward of sixty thousand.
These observations have been carefully sifted, and only those
accepted which were made under conditions where it was certain
that the greatest caution had been exercised to avoid all sources
of error.

Nearly the whole of Parts I and II, and a small portion of
Part III, were communicated to the Royal Society in March and
June, 1878.% = Since the time of these communications, the
author has made a great number of additional observations, and
has found reason to modify slightly some of the views then ex-
pressed on the effect of mental activity on the temperature of the
head, The unavoidably sudden and premature closing of the
investigations has left unsolved two questions which the author
had intended specially to examine, namely, the relative tempera-
tures, in the quiescent mental condition, of different portions of
the surface of the head, taken in larger areas than the subdivisions
adopted in the present experiments; and the effect of simple
attention to visual and auditory impressions on the temperature of
different parts of the head; this latter being an enquiry for the

% ¢Proceedings of the Royal Society,” No. 186, p. 1, March 7th, 1878
No. 188, p. 457, June z2oth, 1878.



iv Preface.

suggestion of which the author is indebted to Dr. Charlton

Bastian,

The author’s thanks are due to Dr. Brown-Séquard and to
Dr. Bastian for valuable advice. He is also greatly indebted to
Dr. Frederic H. Haynes, of Leamington, for much personal
assistance, many of the most important results ebtained being, in
a great measure, due to the unfailing patience and intelligent

interest shown by Dr. Haynes.

LonpoN; December, 1879.
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THE

REGIONAL TEMPERATURE OF
ELE . HEATD:

INTRODUCTION.

THE investigations contained in this work had in view the
following primary objects :—

1st. To determine, as far as possible, by a great number of
carefully made observations, the normal relative temperatures of
different portions of the surface of the head, when the brain is
comparatively inactive.

2nd. To study the effect of different mental states on the tem-
perature of different portions of the surface of the head.

The ultimate objects were also two,—namely :—

1st. To furnish, if possible, some reliable data as a starting
point for examining the temperature of the surface of the head in
morbid cerebral conditions.

2nd. To see if, from an examination of the relative temperatures
of different portions of the surface of the head during increased
mental action, any information could be obtained as to the com-
parative importance of the parts played by different portions of
the surface of the brain in intellectual work and in the various
emotions.

With regard to the first of these ultimate objects, it is easy to see
that everything depends upon an accurate knowledge of the normal
relative temperatures of the different portions of the surface of the
head, and the variations of such temperatures within the limits of
health. Without this preliminary knowledge, the examination of

I



2 Introduction.

the temperature of the surface of the head can lead to no dehnite
conclusions as to the existence of localized cerebral disorder.

So far as the author is aware, Dr. Wm. A. Hammond of New
York, was the first to indicate that a difference of temperature
between the two sides of the head exists in health. In 1875, Dr.
Hammond, employing a thermo-electric apparatus devised by the
author the year previous, came to the conclusion, from observations
made on a large number of individuals, that the left side of the
head has a higher temperature than the right side.* Unfortu-
nately, the abstract of Dr. Hammond’s paper, in the author’s
possession, does not specify the exact part of the head experimented
on,—a matter of great importance, as will be seen farther on.
It is, therefore, impossible to compare Dr. Hammond’s results
with those to be given in the present work.

In 1877, M. Broca communicated to the French Medical Asso-
ciation the results of experiments made by him, with thermometers,
on the relative and absolute temperatures of different parts of the
surface of the head. M. Broca states that in the normal quiescent
mental and physical condition, the temperature is always higher
on the left side than on the right side, in the frontal, temporal, and
occipital regions. He has also found that the frontal region has
normally the highest absolute temperature, the temporal region
coming next, and the posterior region last, in point of thermal
activity.+

It will be seen that the author’s investigations lead to con-
clusions differing materially from those arrived at by M. Broca.}

With regard to the second of the ultimate objects of the present
investigations, namely, the relative effect on the temperature of
different parts of the surface of the head of intellectual and
emotional activity, it is evident that here also a thorough acquaint-
ance with the relative temperatures of the different parts of the
surface of the head in the quiescent mental condition is of value,
although not absolutely essential, as a large part of the investi-
gations on this subject may be pursued independently of any

* Dr, Hammond’s paper was read at a meeting of the New York Neuro-
logical Society, October 4th, 1875.

+ ¢ Revue Scientifique,’ September 15th, 1877.

1 Dr. L. C. Gray of Brooklyn, N. Y., has also investigated, still more
rceently, this subject. (¢ New York Medical Journal," August, 1878.)
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particular knowledge of the relative temperatures of the parts
experimented on, when the brain is inactive.

What has been already done in the subject of the effect of mental
activity on the temperature of the head may be summed up in a
few words.

_In 1866 the author commenced a series of experiments, with
thermo-electric apparatus, on the temperature of the human head
in the quiescent mental condition, and in the states of intellectual
and emotional activity. These experiments showed that the
exercise of the higher intellectual faculties, as well as the different
emotions, caused a rise of temperature in the head perceptible
through the medium of delicate apparatus. Merely arousing the
attention could produce the same result. These investigations
were published in June 1867.%# Toward the close of the latter
year, Professor Moritz Schiff, who had been working indepen-
dently of any knowledge of what the author had been doing,
communicated to the Museum of Natural History of Florence
results of a similar nature.t In 1870 Professor Schiff pub-
lished an account of a series of investigations made directly upon
the brain of animals, which decisively proved that mental exertion
is accompanied by an elevation of temperature in the brain.
M. Broca, in the investigations already alluded to, has also found
an elevation of temperature, in the human head, during increased
mental activity ; and still more recently, M. Paul Bert has likewise
arrived at a similar result.

In this work, after examining at some length the instruments
employed and the experimental methods adopted in the investiga-
tions, we will consider, first, the normal relative temperatures of
different parts of the surface of the head, taken in small spaces, in
the inactive mental state ; and, second, the changes of temperature
in these spaces produced by intellectual and emotional activity.

# ¢ New York Medical Journal,” June, 1867 ; and ¢ Archives de Physiologie,’
September—October, 1868.

1 ¢ Archives de Physiologie,’ t. i1, p. 6, 1870.

T ¢ EBritish Medical Journal, April 19th, 1879.
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DEescripTiON OF APPARATUS EMPLOYED AND EXPERI-
MENTAL METHODS ADOPTED IN THE EXAMINATION
OF THE T EMPERATURE OF THE HEAD,

CHAPTERT.

THERMOMETERS,—CURRENTS IN THERMO-PILES.—PHENOMENA
OF REVERSE CURRENTS.—INEQUALITY OF PILES—ITS CAUSES,
DETECTION, AND REMEDY.

Boru thermometers and thermo-electric apparatus have been
employed in these experiments, but thermo-electric apparatus has
been principally used. The author does not consider ther-
mometers very reliable in investigations of the kind in question,
for the reason, that they cannot be pressed down firmly enough
upon the surface to empty the superficial vessels. The best form
of this instrument, for the purpose in hand, with which the author
is acquainted, is the surface thermometer of Dr. E. Seguin of
New York.* When ordinary thermometers are used, the side
of the bulb not in contact with the skin is protected by a cap of
cork lined with wool. In the experiments on the effect of mental
activity, thermo-electric apparatus is, in the majority of cases,
indispensable, to follow the slight and irregular changes in tem-
perature which occur.

With regard to the thermo-electric apparatus made use of,
much more must be said. The successful employment of delicate
apparatus of this kind, in such investigations as we have to deal
with, requires the greatest care and a good deal of practical
experience. We will therefore consider somewhat fully the

# Dr, L. C. Gray has improved Dr. Seguin’s thermometer. (Op. cit.)
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ways of experimenting with thermo-electric apparatus, and the
errors to be avoided in its use.

We will start with an examination of certain fundamental
principles of thermo-electric piles, which have an important bear-
ing on the use of the latter in such experiments as the present,
and which are not treated of in ordinary works on physics.

THERMO-ELECTRIC PILES.

In a single thermo-electric pair composed of two metals, with
conducting wires of the same metal each as the other, but
different from those of the pile, we have three currents, namely,—
the current proper of the pile, arising from the heating or cooling
of the junction of the two metals forming the pile,—and a current
produced by the heating or cooling of the junction of each of the
two conducting wires with the metals of the piles,—these latter
currents arising secondarily to the first current, by cenduction
from or to the junction proper of the pile.

Suppose we have a pile composed of bismuth and antimony,
with copper conducting wires ;—when heat is applied to the
bismuth-antimony junction, a current is developed, passing across
the junction from the bismuth to the antimony, the current thus
produced being equal to 35, compared with a silver-copper pair as
unity. This current will have a strength proportionate, within
certain limits, to the difference of temperature between the pile,
at the moment of the experiment, and the source of heat applied ;
and as the pile, in its quiescent state, will be at the temperature
of the air, the strength of the current will be a measure of the
difference of temperature between the air and the source of heat
applied.

After a longer or shorter time—according to various circum-
stances to be hereafter examined—the conduction of heat from
the junction of the pile to the farther ends of the bismuth-anti-
mony bars, comes to affect the points of the latter with which
are connected the copper conducting wires, and at each of these
points a current i1s developed. In the bismuth-copper junction,
the current goes from the bismuth to the copper through the
junction, thus opposing the current proper of the pile ; in the
antimony-copper junction, the current goes from the copper to
the antimony through the junction, thus also opposing the current
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proper of the pile. The bismuth-copper junction gives a current
equal to 24 (using the same standard of comparison as above) ;
and the antimony copper-junction gives a current equal to 171 ;—
the two together, therefore, giving a total current equal to that of
the bismuth-antimony pair. If, then, the two farther ends of the
bars composing the pile were heated to the same degree as the
bismuth-antimony junction, the opposing currents would neutral-
ise each other, and no effect would be produced on a galvano-
meter introduced into the circuit of the pile and its wires. As it
is, however,—unless the bars be extremely short,—the bismuth-
antimony junction receives more heat per unit of time than is
conveyed to the other two junctions by conduction, so that the
current proper of the pile predominates. Of course if cold
instead of heat be applied to the pile, the above-mentioned
currents have their directions reversed, but the principle remains
the same.

Suppose now a pile, such as has just been described, with a
galvanometer in the circuit, to have its exposed face, i. e. the
bismuth-antimony junction, applied to the surface of the body.
We will have, first, the effect on the galvanometer of the current
proper of the pile, which, we will suppose, keeps the needle at
20° deflection when its oscillations have come to an end, The
needle does not, however, long remain at this point; sooner or
later, it begins to move backward toward zero ; and finally takes
up a position between the latter point and 20°%* This backward
movement of the needle is due to two causes, one of which exists
in the pile itself and the other in the tissues examined : at the
present moment we are concerned only with the former cause.
The backward movement of the needle, so far as the pile is con-
cerned, is the result of the secondary currents excited in the
bismuth-copper and antimony-copper junctions by the conduction
of heat along the bars of the pile from its face. If the supply of
heat to the face of the pile be small, but little will reach the
remote junctions, and the retrogression of the needle will be long
in showing itself, and will be of limited extent. If, however, the
supply of heat be plentiful,—as is usually the case with warm-
blooded animals,—an approach to equalisation of temperature in

# It frequently happens that tlie retrogression of the needle commences
immediately on the cessation of its oscillations, there being no preliminary
pawse,
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the whole pile will soon take place, and the retrograde movement
of the needle will be prompt and decided.®

The rapidity and extent of retrogression of the needle is also
influenced by the following conditions, namely :—

The length and thickness of the bars composing the pile.

The degree in which the bars are protected in their course,
beyond the face of the pile, from the surrounding atmosphere and
neighbouring bodies.

The conducting powers and specific heats of the metals com-
posing the piles.

Thus long bars will, other things being equal, give a less
prompt and less extended retrogression of the needle than short
bars ; and the same is true of bars of small sectional area com-
pared with thicker ones.t}

Again, bars thinly covered, will give a less prompt and extended
retrogression of the needle than those thickly enveloped in badly-
conducting material ; for, in the latter case, the loss of heat to the
surrounding medium being reduced to a minimum, there is a ten-
dency to complete equalisation of temperature throughout the
whole pile.

Further, bars composed of substances of high conducting power
will give a prompter and more extended retrogression of the needle

# In piles composed of bad conductors of heat, and in which the bars ars
well protected on their sides and farther ends from the surrounding medium,
the reverse or secondary currents may be made to manifest themselves very
strikingly in the following manner :—The pile having been subjected for some
little time to a source of heat considerably above the temperature of the air, is
placed in a protected situation, and left to itself. The deflection of the needle
diminishes gradually to zero,—when we see the needle, instead of stopping at this
hoint, pass steadily along on the opposite side of the scale to a cousiderable distance.
The reason of this peculiar movement, is, that the face of the pile, being more
exposed to the air than the farther junctions, attains the temperature of the
surrounding medium more quickly than do the remote ends of the bars,—hence
the current proper ceases before the reverse currents have come to an end, and
the latter carry the needle over to the opposite side of the scale.

+ If the bars composing the pile be thoroughly protected from the surround-
ing atmosphere and neighbouring bodies, it will be found that the statement
that thin bars show the reverse currents less quickly than thick bars i1s not
correct, Where the bars are not protected from cooling influences, the bar of
small sectional area loses heat more rapidly than the one of large sectional
area ; but when well covered with non-conducting material the thinner bar
will become heated throughout its whole length more quickly than the thicker
bar by reason of its smaller mass.
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than bars made of substances of low conductivity ; and, on the
contrary, bars composed of substances possessing high specific heats
will give, other things being equal, a more tardy and less extended
retrogression of the needle than bars composed of substances having
a low specific heat,

It will be seen from what has been stated, that we have our
choice of two ways of observing differences of temperature with
the galvanometer,—namely, either to take the deflection at the
moment when the needle first comes to rest, before the secondary
currents have time to develop themselves, or to wait until these
currents have reached their maximum, and the whole pile has
attained a permanent thermal condition. Of these two courses
the latter is usually the better, but it is more tedious than the
former, and consequently inconvenient when it is desirable to
make a number of observations in a short space of time.

But there is a point now to be considered, bearing more or less
upon all varieties of piles, which demands serious attention. Itis
this :—It is very difficult to make piles of equal current strengths,
where great sensitiveness is required. The author has sometimes,
by accident, obtained piles of equa. powers, but no amount of care
in the casting or putting together of the bars seems to ensure
equality. :

This inequality is due both to differences of resistance and dif-
ferences of electro-motive force. The first-mentioned difficulty
is, of course, got over readily by putting both piles in the same
circuit ; but the second difficulty is not so easily obviated. We
must, in the first place, put the two piles in parallel circuits, and
then introduce into the circuit of the one which has the stronger
current a sufficient resistance to reduce the strength of the current
to equality with that of the weaker pile.*

To do this, we expose the faces of the two piles to the same
degree of heat or cold, and, waiting until the retrogression of the
needle has come to an end, then introduce the requisite resistance
in the circuit of the stronger pile to bring the needle to zero.
The piles are now equal as regards their permanent thermal condi-
tion ; but, unfortunately, it does not by any means follow that
they will be found to possess equal current strengths when exa-
mined at a period anferior to the establishment of the permanent

*# We are here supposing the use of two piles, for purposes of comparison,
with the directions of their currents opposed to each other.
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thermal state. If examined at the moment when the needle first
comes to rest, and before the secondary currents manifest them-
selves, it will often be found that the resistance which produces
equality when the permanent thermal condition is established, /s
not the correct resistance for this earlier stage. The reason of this
is,—that the electro-motive forces of the secondary currents do not, in
the two piles, bear the same proportions to their respective currents
proper.

Thus, suppose the currents proper of the two piles to be repre-
sented by 10 and s, respectively ;—a certain resistance introduced
into the circuit of the stronger pile reduces its current strength to s,
—the same as the other. But now suppose that the reverse currents
bear the proportions of 7 and 4 ; the resistance introduced has halved
the strength of the secondary currents in the stronger pile, so that
now these currents are represented by 35 instead of 7. When the
secondary currents in both piles begin to act, the effective strength
of the current proper of the first pile will be, 5—3°5 = 1°5 ; while
the effective strength of the current proper of the second pile will
be, 5—4 = 1 ; the two piles are consequently unequal at this phase
of the observation. Of course, reversing the order of things, and
making the piles equal after the establishment of the secondary
currents, would be to render them unequal in the first phase of
the observation.

Such a state of things as that just described frequently exists in
thermo-piles. It is therefore necessary to vary the resistance of
the circuit of the stronger pile according to the phase of the obser-
vation ; and the proper limits for the employment of each resistance
must be determined by a careful testing, for each pair of piles.

We will now examine the methods adopted in the experiments
made to detect and correct inequalities of current strength in the
two piles.

To know if our piles are equal in strength, we must expose
them both to the same constant source of heat or cold. This may
be done in several ways. We may immerse the faces of the piles
in water or oil having a temperature above that of the air; or we
may immerse them in melting ice. It is very difficult, however,
to keep the temperature of the water or oil constant when such
temperature differs considerably from that of the air, no matter
what appliances are used ; and if rapid variations of temperature
occur, the two piles may not act with equal quickness, even when
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their final current strengths are the same. With melting ice
these difficulties are avoided.

Water simply exposed to the air in a room of pretty even
temperature will keep at from half a degree to a degree centigrade
below the air. By carefully watching the temperature and degree
of moisture of the air of the room, we can keep the water at a
sufficiently constant temperature for testing the equality of our
piles. 'This would seem, therefore, a ready and safe method of
testing ; —but although correct enough under certain circumstances,
it does not embrace all the conditions essential to an accurate
determination of the respective strengths of the piles under cir-
cumstances where they are exposed to temperatures differing much
more from the temperature of the air, than the difference between
the latter and the water, in the above experiment. It must be
understood that when two piles, opposed to each other, are
exposed to a temperature differing from that of the air, each pile
produces a current proportionate to the degree of difference exist-
ing between the temperature of the air and the new temperature
affecting the face of the pile. If the piles possess equal power,
exposure to the same degree of heat or cold will produce equal
opposing currents, and the needle of the galvanometer will be un-
affected. But if one pile is stronger than the other, the current
of the former will predominate by an amount equal to the diffe-
rence between the independent current-strengths of the two piles,
Thus if one pile, acting alone, will, for a given thermometric
difference, produce a deflection of the needle of 20° of the galvano-
meter scale, and the other pile, acting alone, will, for the same
difference of temperature, produce a deflection of 10° the two piles,
acting at the same time, in opposition to each other, will give a
deflection of 10° in favour of the first pile.

Suppose now the temperature of the water in which the faces
of the piles are immersed to be g° C. (48:2° F.), and that of the
air to be 10° C. (50° F.); and that, for a difference of 1° C.
(1-8° F.), one pile gives a deflection of 100° of the galvanometer
scale and the other pile gives a deflection of 99'75°% If we are
using a Thomsen galvanometer, 0°25° cannot be read on the
scale, and consequently the needle would, to all appearances, be
unaffected when the two piles were opposed to each other, and we
would, therefore, conclude that they were of equal strength.

But now suppose the piles exposed to a temperature of 36° C.
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(96:8° F.), the temperature of the air remaining the same as
before. As the piles in the former instance gave, for a difference
of 1° C., deflections of 100° and gg°75° of the galvanometer scale,
respectively,—so now for a difference of 26° C. (46-8° F.), the first
pile will give a deflection of 2600°, and the second pile a deflec-
tion of 2593°5°; and the two acting together against each other,
will give a deflection of 6°5° in favour of the first pile.

This shows us the necessity, in testing the equality of piles, of
employing temperatures differing as much from the temperature
of the surrounding medium as the latter usually differs from the
animal temperature.

The author has found the human body itself to furnish the most
reliable means of testing the equality of piles.

We may test by means of the surface of the body in two ways.
The first way is as follows :—

A space is selected on the skin,—usually on the thigh,—and
surrounded with cotton wool and flannel, leaving only a small
opening in the coverings just large enough to admit the faces of
the two piles placed closely side by side. After the piles are
applied, several minutes are allowed to elapse before the circuit is
closed, in order to give time for the establishment of the perma-
nent thermal condition in the piles.®

This apparently simple procedure, in reality requires much
more care and time than would, at first sight, seem necessary.
To begin with, if is not always easy to find two points on the skin
which have exactly the same temperature, when examined with
delicate apparatus, even when these points are not more than a centi-
metre (0°3937 inch) apart. Certain parts of the body are, how-
ever, of more uniform temperature than others, and experience
has pointed out the anterior surface of the thigh as one of the
regions best suited to the purpose in view.

The piles are previously tested in water to obtain an approxi-
mate estimate of the difference between them, and the experiment
is then conducted as before described.

If after closing the circuit, we have a deflection, this deflection
may be due either to a difference in the strength of the piles or to
a difference of temperature in the two points on which the piles
are placed, or to both these causes combined. To ascertain which
of the causes is chiefly or solely instrumental in producing the

* The piles are applied with handles described farther on.


























































































































































































































































































































































































































































































































































































































































































