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A New Method of Measuring Association by Means
of Fluidity Data: EUGENE C. BINGHAM.

A Simplification of the Cyclical Process Method
for Deriving Thermodynamic Equations: E. W.
WASHBURN.

Cuprous Hydroxide: W. D. BANCROFT.

Osmotic Studies: L. KAHLENBERG.

Crystallization through Membrames: J. H. WAL-
TON.

An Eaxplanation of the Negative Coefficient of
Expansion of Silver Iodide: GRINNELL JONES.
The Significance of certain Numerical Relations

in the Sugar Group: C. S. Hupson.

The Formation of Nitric Oxide by the Action of
Nernst Glowers on Air: IRVING LANGMUIR.

The Potential of the Sodium Electrode: G. N.
Lewis and C. A. Kraus.

The Reaction Velocity of an Inorganic Hydrolysis:
S. C. Linp.

The Solubility of Salts in Concentrated Acids:
Arrnur E. Hiir and JoN L. SiMMoNs.

Tramsition from Metallic to Electrolytic Conduc-
tion: C. A. Kraus.

A Dilution Law applicable to both Aqueous and
Non-aqueous Solutions: C. A. KrAUS.

Equilibrium in Solutions containing Copper and
Iodine: W. C. BRAY and G. M. J. MACKAY.

The Properties of Water near the COritical Point:
R. C. MALEY.

The Internal Heat of Vaporization: J. E. MILLS.

The Molecular Masses of Liquids: G. H. MEEKER.

Some Applications of the Phase Rule as a Means
for Determining Water in Certain Organic Sub-
stances: S. W. PARR and F. W. BLIss.

Heat Oonductance of Soils: H. E. PATTEN.

B. E. Cugry,
New HampPsHIRE COLLEGE Press Secretary
Transmitted by C. H. Herty,
Secretary of Section C

SOCIETIES AND ACADEMIES
THE TORREY BOTANICAL CLUB

THE meeting of December 8, 1908, was held at
the American Museum of Natural History, Presi-
dent Rusby in the chair. About seventy-five per-
sons were present. The announced scientific paper
of the evening on ‘ Mechanical Response of
Plants ” was then presented by Sir Jagadis Chun-
der Bose, professor in the Presidency College of
Calcutta and author of “Response in the Living
and Non-Living,” “ Plant Response as a Means
of Physiological Investigation,” ete. The presen-
tation of the subject was accompanied by an
exhibition of some of the ingenious and delicately
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contrived apparatus constructed by Professor Bose:
for the purpose of measuring and recording the re-
sponses of plants to various stimuli. Followings
is an abstract of the paper compiled from note:s
furnished by Professor Bose:

The effect of stimulus impinging on a respondin 3
tissue is to induce a fundamental molecular de-
rangement. This condition of derangement con-
stitutes excitation. On the cessation of stimulvis,
there is a slow recovery, the tissue returning to its
original condition. This molecular reaction s
itself beyond our scrutiny, but it may be shdwn
that we can gauge its intensity and extent by ‘the
observation and record of certain concomitant
changes induced by it in the responding tissue.
Among these are (1) changes of form, mani-
fested as mechanical response, and (2) changes of
electrical condition, which may be recorded as
electrical response.

The intensity of the responsive change will
obviously depend on the two factors of strength
of stimulus and physiological condition of the
tissue. Hence, when stimulus is constant, the
amplitude of response gives us a measure of the
physiological condition. Now we know that the
changing environment must induce unknown
changes in this physiological condition, of which
there is no outward sign. But we are here en-
abled to make the plant itself reveal its condition,
by the reply it makes to the blow of a stimulus.
A stimulating agent will exalt, and a depressing
agent diminish or abolish, this response. We
have thus a means of attacking the deeper prob-
lem of the physiological variation in an organism.

The speaker had been able to overcome the
numerous difficulties which occur in connection
with the automatic recording of the mechanical
response of the plant, by devising three types of
instrument. These are (1) the oscillating re-
corder, (2) the optical lever and (3) the balanced
crescograph.

In the oscillating recorder, the recording lever
is made of light aluminum wire and is suspended
vertically on jewelled bearings. This lever is
L-shaped, and the shorter arm, at right angles to
the longer, is attached to the responding leaf.
The great advantage conferred by the oscillating
recorder lies in the fact that the friction of the
writing point against the recording surface is
practically eliminated. The source of friction in
such arrangements arises from permanence of this
contact. In this instrument, however, the writing
lever is virtually free, except for the brief inter-
vals in which the smoked glass surface is brought
into periodic contact with it. For these records,
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the glass surface moves in a vertical plane by
means of clockwork, and a minute oscillation to
and fro is given to it by the agency of an electro-
magnetic arrangement. The period of this oscilla-
tion is, say, one fifth of a second, and the record
is thus made to consist of a series of dots, sepa-
rated by time-intervals of ome fifth of a second.
Thus we can see the time-relations of the curve
at a glance.

For responsive movements of minute leaflets
the speaker employed the optical lever. By use of
this a very high magnification is possible. The
record is made on a traveling photographic plate
by the spot of light reflected from the optical
lever, connected with the responding plant.

For the instant detection of the effect of stimu-
lus on the rate of growth, the balanced cresco-
graph is used. Here a balanced and stationary
point of light undergoes a sudden movement up or
down, according as the rate of growth is enhanced
or depressed by the action of an external agent.

In order to study the effects of external agencies
on physiological excitability, it is first necessary
to obtain a series of normal responses under
stimuli of uniform intensity and duration, ap-
plied at regular predetermined intervals. This
is accomplished by means of the automatic stimu-
lator, in which an expansible fan periodically
closes the exciting circuit. The intervals between
successive applications and the period of stimula-
tion are, in this instrument, capable of adjustment
at will.

In a complete curve of response of the semsitive
leaf or leaflet of Mimosa or Biophytwm sensitivum,
we find (1) a short horizontal line representing
the latent pgriod, (2) an up-curve showing attain-
ment of maximum reaction; followed by (3) a
down-curve representing the recovery. The latent
period in a vigorous Mimosa is about .24 second.
The effect of fall of temperature or fatigue re-
sults in the prolongation of this latent period to
.3 of a second in the former and .58 in the latter
case. The maximum fall of the leaf was attained
in 1.5 seconds. Complete recovery takes place in
6 minutes in summer and in 18 minutes in winter.
In a leaflet of Biophytum, the maximum fall is at-
tained in .5 of a second and full recovery is
reached in 3 minutes. The excitatory fall of the
leaf takes place when stimulus is applied at or
near the responding point. = Seen from different
points of view, this reaction will appear as a
diminution of turgor in the pulvinus, constituting
a megative turgidity-variation, or a shortening or
contraction of the more excitable lower half of the
pulvinus. Electrically speaking, this reaction will
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have its concomitant in an electrical variation of
galvanometric negativity. 1t is convenient to in-
clude all these excitatory symptoms together
under the single term negative response. Here,

‘however, we may describe a responsive change of

precisely opposite character, which takes place
under definite conditions. This positive response
consists of an erectile movement of the leaf; a
positive turgidity-variation, expansion, and an
electrical change of galvanometric positivity. The
occurrence of this positive response may be de-
monstrated, in Mimosa, by applying stimulus at a
point distant from the responding organ. In a
certain experiment, this positive or erectile re-
sponse occurred .6 second after the application of
a stimulus, and was followed, 2.8 seconds later, by
the normal excitatory fall of the leaf. Here we
have a response which is diphasic, positive followed
by negative. When stimulus is moderate, and ap-
plied at a still greater distance, the response
evoked is positive alone. These facts obtain uni-
versally, and from them we derive the following
law of direct and indirect stimulation: The effect
at the responding-region of a strong stimulus
transmitted to a short distance, or through a good
conducting channel, is negative. The effect trans-
mitted to a great distance, or through a semi-
conducting channel, 18 positive.

Responsive movements, like those of the “ sensi-
tive” plants so-called, can be detected also in
ordinary plants. It will be noticed, in Mimosa,
that the responsive movement is made':f)ossible by
the unequal excitability of the upper and lower
halves of the pulvinus, the movement being deter-
mined by the greater shortening or contraction of
the lower. If now we take a hollow tubular organ
of some ordinary plant, say the peduncle of daffo-
dil, it is clear that the protected inner side of the
tube must be the more excitable. When this is cut
into the form of a spiral strip, and excited by
means of an electrical shock, we observe a respon-
sive movement to take place by curling, due to the
greater contraction of the inside of the strip.
This mechanical response is at its maximum at -
that season which is optimum for the plant.
When the plant is killed, its response disappears.

In Mimosa, under continuous stimulation, there
is a fatigue-reversal, the responsive fall being con-
verted into a movement of erection. The same
thing happens in the response of ordinary plants,
when the first contractile movement of the spiral,
for instance, is reversed, under continuous stimu-
lation, to an expansive uncurling.

An important series of observations is that on
the modification of response by the tonic condition
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of the tissue. When the condition is sub-tonic,
response is by the abmormal positive, instead of
the normal negative, reaction. A strong or long-
continued application of stimulus, however, con-
verts this abnormal positive into normal negative.

Another important phenomenon is that for
which the name of multiple response has been sug-
gested. When the stimulus is very strong, the
response is often not single, but repeated, or mul-
tiple. Excess of stimulus is thus seen to remain
latent in the tissue, for rhythmic expression later.
This storage of energy from the environment may
in some cases be so great as to cause the continu-
ance of rhythmic activity, even in the absence of
immediate stimulation. We thus obtain a natural
transition into so-called spontaneous or autono-
mous movements.

The various peculiarities of the spontaneous
movements exhibited by Desmodium gyranms, or the
telegraph plant, may be studied in the automatic
record taken by the optical lever. The rhythmic
tissues of the plant are then found to have char-
acteristics which correspond to those of similar tis-
sues in the animal. Lowering of temperature en-
hances the amplitude and diminishes the frequency
of pulsation, in the rhythmic cardiac tissue of the
animal. The same is found to be true of the pulsa-
tory activity of Desmodium gyrans. The effects of
various drugs are also very similar. The first re-
sult of the application of an anmsthetic like ether
is to evoke a transient exaltation, followed by de-
pression and arrest. Poisonous gases also induce
a continuous depression of activity. A strong
poisonous solution, again, induces a rapid arrest
of pulsation.

It has thus been shown that by the waxing and
waning of response, the variations in the plant’s
physiological activity, under changing external
conditions, may be gauged. It has been shown
also how numerous and varied are the factors that
go to make up the complexity of plant-responses.
It has been shown that stimulus may be modified
in its effect, according as it is direct or indirect,
and feeble, moderate or strong. The modifying
influence of the tonic condition of the tissue has
also been shown, according as this is normal, sub-
tonic or fatigued. In the numberless permuta-
tions and combinations of these varied factors lies
the infinite complexity of the responsive phe-
nomena of life.

After a discussion of Professor Bose’s paper
by Doctors Rusby, Richards and Pond, the meet-
ing of the club was adjourned to the second Tues-
day in January.

MARSHALL A. Howe,
Secretary pro tem.
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THE ASSOCIATION OF OHIO TEACHERS OF MATHE-
MATICS AND SCIENCE
THE association held its annual meeting in the
Chemical Laboratory of the Ohio State University,
December 29 and 30, 1908. The attendance of all
meetings was very gratifying. The following pro-
gram was carried out:

TUESDAY, DECEMBER 29, 1908, 1:30 p.M.
General Session

Business.

Mathematics Section

“The Mathematical Club in the High School;
its Use as a Supplement to the Work of the
Recitation,” by J. C. Boldt, department of mathe-
matics, East High School, Dayton.

“On the Nature of Mathematical Knowledge,”
by F. E. Miller, professor of mathematics, Otter-
bein University.

Round table.

Science Section

“ Physics as a Factor in Forming Character,”
by C. M. Brunson, department of physics, Central
High School, Toledo.

“The Narrow Path or the Broad?” by H. E.
Newman, department of chemistry, Walnut Hills
High School, Cincinnati.

Round table.

WEDNESDAY, DECEMBER 30, 9:00 A.M.
General Session

Business.

“The Purification of Drinking Water,” by C.
W. Foulk, department of chemistry, Ohio State
University.

Mathematics Section

“Should Mathematics be Taught as a Basal
Science or a Tool of Science?” by Paul Bieford,
professor of mathematics and astronomy, Buchtel
College, Akron.

“ Should the Seventh to Tenth Grades be a Unit
in Mathematics?” by R. L. Short, department of
mathematics, Technical High School, Cleveland.

Round table.

Science Section

“ An Apparatus for Demonstrating Wave Mo-
tion,” by Fred J. Hillig, professor of physics,
St. John’s College, Toledo.

Experiments and demonstrations.

Round table.

WEDNESDAY, DECEMBER 30, 1:30 ».M.
Excursion to filtration plant now operated by
the city of Columbus. RarpE W. BUCK,
Secretary
Dayron, OHIO



