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give the gray background and ruled vertically every
centimeter to give the amplitude scale. To illuminate
this strip, light from a small intense source is focused
to a point where it is periodically interrupted by a
timing device; then its divergence is reduced by a
lens, and the beam reflected by a plane mirror through
a eylindrical lens (5 inches long, 4 inches foeal length),
thus produeing a bright band on the upper edge of the
strip.

I

Fie. 1. Diagram of apparatus in side view. CRO=
cathode ray oscillograph, Ser =its screen, L =light source,
P, and P,=projecting lenses, D=diaphragm, Co=Abbe con-
denser of mieroscope, ST = time marking arm from metro-
nome, O =low power objective of microscope, M = mirror,
OL =cylindrical lens, WL = focal plane of washlight on
horizontal strip across Ser, ¥/1.25, 5 cm = photographic
lens of paper-camera. ST =stylet of tambour. Fia. 2.
Diagram of front view of fluorescent screen with spot
traveling horizontally across screen. WL = horizontal strip
illuminated by washlight. ST =stylet of signal marker.

To record stimulus, response and other variables
electromagnets, tambours or other devices interrupt
the washlight by their vertical stylets, which travel
horizontally between the eylindrical lens and the illu-
minated strip. '

As the screen and the strip of paper are photo-
graphed simultaneously to produce the records de-
seribed, the spot, being just above the strip, is recorded,
at any speed of paper, a small constant distance
(about .55 mm) ahead of the corresponding shadow
record.

In practice a small projection lantern has proved a
satisfactory source of washlight for records of speeds
up to 4 inches per second. Its collimated beam is
focused by the condenser of a microscope, in hori-
zontal position, to a point between its stage and low
power objective, which reduces the divergence of the
beam. The intensity of the light is eontrolled by the
diaphragm of the condenser, and inequalities in illumi-
nation of the strip of paper are reduced by a eard-
board shield, cut to admit less light in the center and
mounted against the cylindrical lens. In order to
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avoid possible electrical interference from synchronous
motors used to drive tooth-wheel interrupters, the time
record was obtained from a metronome, with a descend-
ing arm so placed that at the center of the swing it
interrupts the beam at its focal point between the stage
and objective of the microscope.

When necessary, simultaneous tracings (in black}
from instruments with mirrors on moving elements can
be superimposed upon these records by -focusing the
beam from the mirror to a spot, which moves hori-
zontally on the strip.

W. S. McCurrocur
G. R. WENDT

PREPARATION OF TRANSPARENT SPECI-
MENS OF LEAVES, WORMS, BEES,
.BUTTERFLIES, ETC.

DurinG the course of investigation of formie acid
on plant and animal material® it was noted that this
acid dissolves most plant pigments, starches, sugars,
gums, dextrines, proteins, ete., but does not dissolve
such framework material-as cellulose, lignin or the
chitin of animal tissues. These observations have
been utilized recently for the preparation of trans-
parent sections of vegetables, leaves, grasshoppers,
worms, butterflies, ete. These specimens, in addition
to being attractive in their transparent forms, which
look somewhat like Cellophane wrappers covering the
frames of grasshoppers, bees and worms, make it pos-
sible to study their structures without the interference
of opaque substances.

MEeTHOD OF PROCEDURE

The usual procedure has been to place the object or
material in 95 per cent. ethyl or methyl aleohol, which
dehydrates the tissues to a considerable extent and
dissolves tannins, sugars, ete., and also prevents dis-
tortion through extensive swelling of tissues when
formiec acid is added. The samples are left in the
alcohol for storage, 48 hours or more, until it is con-
venient to proceed with the preparation of transparent
specimens. The alcohol solution is then decanted off
and replaced with a 90 per cent. (1.2 sp gr) formie
acid. This acid will dissolve about all that the aleohol
will and much more; in fact, nearly the only parts
about these specimens that do not dissolve are fat,
carotin, lignin, cellulose and the chitinous material
making up the framework of bugs, grasshoppers, ete.

The time the specimen needs to remain in the formie
acid depends somewhat on the material. A week was
necessary to dissolve all soluble material in some cases,
but no harm seems to result when it is left longer, and
in cases hard to clear the liquid may be drained off
in a few days and replaced with fresh formic acid.
In the case of grasshoppers, bees, ete., which are

1R, H. Carr, SCIENCE, 69: 1789, 1929,
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more difficult to penetrate, more time is needed to
remove resistant material.

CLARIFICATION OF SPECIMENS

After the soluble material has been removed most
specimens are far from clear or transparent. These
pigments may usually be cleared by the addition to
formic acid liquid of 3 per cent. hydrogen peroxide
in amounts of about 5 ml at a time until it is cleared.
The hydrogen peroxide is usually added when the
second formic acid treatment is made. This bleach-
ing effect may be accomplished also by the addition
of chlorine water in the case of plant tissues, but
this is not permissible with bees, grasshoppers or
other forms of animal life composed of chitin in
place of cellulose for their framework, as chitin is
dissolved by use of chlorine water and the structure
of the specimen is then destroyed. These reactions
should go on at room temperature and should not be
hurried by the aid of heat as the heat weakens the
framework and leaves the material in a somewhat dis-
integrated condition.

TRANSPARENT SPECIMENS REVEAL COMPOSITION

The transparent specimens are not only of interest
because they reveal parts which were hidden in the
original material, but they call attention by the vary-
ing solubilities of the different materials to the differ-
ences in composition of the body parts as only cellu-
lose, fat, lignin, carotin, chitin, ete., escape solution.
Thus, a separation is made in the cold of materials
which could not be removed except by methods which
would destroy the specimen for purpose of study and
examination. A large quantity of transparent plant
and animal material has been prepared by this method.
A few specimens have been photographed and one is
shown in Fig. 1.

Fia. 1

The completed specimens are often so delicate and
flimsy that they are difficult to handle out of water or
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to be prepared for photographing; they tend to tear
or roll out of shape as soon as taken out of the water
in which they may be kept in storage for a few days.

It was found that glass erystalizing dishes covered
with watch glasses were convenient to use in preparing
the specimens, as the delicate tissues, especially such
as those of butterfly wings, could be held in place by
watch glasses or lantern slides and thus be protected
until the treatment is completed. This method of
preparing transparent specimens is given with the
hope that those who are working with plant and ani-
mal materials may find it useful in making more
detailed examination of the whole bee or worm, ete.,
than was previously possible with the small sections
for mieroscopic work. In addition, they form an
attractive exhibit for the show window, especially
when the specimen is held between two watch glasses
(in 2 per cent. formic acid water, or other preserva-
tives) and the edges waxed or taped to retain the
liquid and so placed as to permit light from an electric
light bulb to penetrate through the transparent speci-
men.

R. H. Carr
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