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cise of all these activities ; and in answer
to the question—What knowledge is most
worth ?—the answer is Science.

“For direct self-preservation, or the
maintenance of life and health, the all im-
portant knowledge is—science. For that
indirect self-preservation which we call
gaining a livelihood, the knowledge of
greatest value is—science. For the due dis-
charge of parental functions, the proper
guidance is to be found only in—science.
For that interpretation of national life,
past and present, without which the citizen
cannot rightly regulate his conduct, the in-
dispensable key is—science.”’—economics
and political science. * For the most per-
fect production and highest enjoyment of
art in all its forms the needful preparation
is still—science. And for purposes of dis-
cipline, intellectual, moral, religious, the
most efficient study is still—science.”’

It is not to be expected that these con-
clusions will be accepted by all to whom
they are addressed. . I should be the last to
decry the importance of language study, of
history, art, and philosophy. I emphatic-
ally emphasize the importance of national
education in economics and political science.
‘We are sadly in need of better political
teachers than a majority of those who dur-
ing the last few years have been the leaders
in American politics. But I protest against
the implication that liberal culture is suf-
fering at the hands of either the active
workers or the leading teachers in science.
So long as human needs and human tastes.
are diversified must there be corresponding
diversity in education. Let each of us rec-
ognize what is good in our neighbor, let us
cheerfully and cordially acknowledge the
value of his contribution to human welfare.
Let us remember that there are others be-
sides scientific men who are progressive,
and that the boundaries of knowledge are
without limit.

‘Within the present century one of the
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greatest mathematicians and astronomers
that the world has ever known, Laplace,
lay on his dying bed in Paris. His last

* words were: “ (e que nous savons est peu

de choses ; ce que nous ignorons est im-
mense.”” It takes a philosopher to recog-
nize the immensity of his own ignorance.
If Laplace could use those words as he fell
asleep, why can we not at least follow him
and remain at peace with each other while
striving to do our share in increasing human
knowledge? Linguist and engineer, his-
torian and chemist, economist and physicist,
metaphysician and mathematician, our aims
radiate from a common center ; but friendly
and faithful as we may be to each other, our
ignorance will still continue to be immense.
W. Le CoNTE STEVENS.

PICTURES PRODUCED ON PHOTOGRAPHIC
PLATES IN THE DARK.*

I taiNk I may fairly assume that every
one in this theater has had his photograph
taken, and consequently must have some
idea of the nature of the process employed.
I have, therefore, only to add, with regard
to what is not visible in the process of tak-
ing the picture, that the photographic plate
is a piece of glass or such like body, coated
on one side by an adhesive paste which is
acted on by light, and acted on in a very
remarkable manner. No visible change is
produced, and the picture might remain
latent for years, but place this acted-on
plate in a solution, of, say pyrogallol, and
the picture appears. The subsequent treat-
ment of the plate with sodium hyposulphite
is for another purpose, simply to prevent
the continuance of the action when the
plate is brought into the light. Now, what
I purpose demonstrating to you to-night is
that there are other ways of producing pic-
tures on photographic plates than by acting
on them by light, and that by these other

* Address before the Royal Institution of Great
Britain.
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means a latent picture is formed, which is
rendered visible in precisely the same way
as the light pictures are.

The substances which produce on a pho-
tographic plate these results so strongly re-
sembling those produced by light, are, some
of them, metallic, while others are of vege-
table origin. A% first it seemed very re-
markable that bodies so different in charac-
ter should act in the same way on the
photographic plate. The following metals—
magnesium, cadmium, zine, nickel, alumin-
iam, lead, bismuth, tin, cobalt, antimony—
are all capable of acting on a photographic
plate. Magnesium most strongly, antimony
but feebly, and other metals can also act in
the same way, but only to a very slight ex-
tent. The action in general is much slower
than that of light, but under favorable con-
ditions a picture may be produced in two
or three seconds.

Zinc is nearly as active as magnesium or
cadmium, and is the most convenient metal
to experiment with. In its ordinary dull
state it is without the power of acting on a
photographic plate, but scratch it or scrape
it, and it is easy to prove that the bright
metal is active. I would say that all the
pictures which T have to show you, by means
of the lantern, are produced by the direct
action of the metal, or whatever the active
body may be, on the photographic plate,
and that they have not been intensified or
touched upin any way. This first slide is
the picture given by a piece of ordinary zine
which has been rubbed with some coarse
sand-paper, and you see the picture of every
scratch. Here is a piece of dull zinc on
which some circles have been turned. It
was exposed to the photographic plate for
four hours at a temperature of 55°C. In the
other cases, which are on a larger scale, a
zine stencil was polished and laid upon a
photographic plate, and you see where the
zinc was in contact with the plate much
action has occurred. In another case a
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bright zinc plate was used, and a Japanese
stencil interposed between it and the photo-
graphic plate, and a very strong and sharp
picture is the result. The time required to
produce these zine pictures varies very much
with the temperature. At ordinary temper-
ature the exposure would have to be for about
two days, but if the temperature was, say,
55°C., then half to three-quarters of an hour
might be sufficient. Temperatures higher
than this cannot be used except for very

“short times, as the photographic plate would

be damaged. Contact between the zinc and
photographic plate is not necessary, as the
action readily takes place through consider-
able distances. Obviously, however, as you
increase the distance between object and
plate, so you decrease the sharpness of the
picture, as is shown by the following pic-
tures, which were taken respectively at a
distance of 1 mm. and 3 mm. from the
scratched zine surface. The appearance of
the surfaces of different metals varies, and
the following slides show the surface of a
plate of bismuth, a plate of lead and one of
aluminium. On the next slide are the pic-
tures produced by similar pieces of pure

‘nickel and cobalt, and it clearly shows how

much more active in this way nickel is than
cobalt. Many alloys, such as pewter, fusible
metal, brass, etc., are active bodies, and in
the case of brass the amount of action which
occurs is determined by the amount of zine
present. Thus you will see that a brass
with 30 per cent. of zinc produces hardly
any action on the photographic plate, but
when 50 per cent. of zinc is present there
is a fairly dark picture, and when as much
as 70 per cent. is present a still darker pic-
ture is produced.

The second class of bodies which act
in the same way on a photographic plate
are organic substances, and belong essen-
tially to the groups of bodies known as ter-
penes. In trying to stop the action of
metallic zine, which I thought at the time
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might arise from vapor given off by the
metal, copal varnish was used, but in place
of stopping the action it was found to in-
crease it, and this increase of activity was
traced to the turpentine contained in the
varnish. In experimenting with liquids it
is convenient to use small shallow circular
glass vessels such as are made for bacterio-
logical experiments, the plate resting on
top of the vessel, and the amount of liquid
in the vessel determining the distance
through which the action shall take place.
The following slide, produced in this way,
shows how dark a picture ordinary turpen-
tine produces. All the turpenes are active
bodies. Dipentine is remarkably so; in a
very short time it gives a black picture, and
if the action be continued, the dark picture
passes away, and you then have a phenom-
enon corresponding to what photographers
call reversal. The strong smelling bodies
known as essential oils, such as oil of berga-
mlot, oil of lavender, oil of peppermint, oil
of lemons, etc., are all active bodies, and all
are known to contain in varying quantities
different terpenes ; therefore ordinary scents
are active bodies, and this is shown by the
following pictures produced by eau de Co-
logne, by cinnamon, by coffee, and by tea.
Certain wines also act in the same way :
Sauterne gives a tolerably dark picture, but
brandy only a faint one. Other oils than
-these essential ones are also active bodies :
linseed oil is especially so; olive oil is
active, but not nearly as much so as linseed
oil ; and mineral oils, such as paraffine oil,
are without action on the photographic
plate.

Interesting results are obtained with
bodies which contain some of these active
substances ; for instance, wood will give its
own picture, as is shown by the following
slides: the first is a section of a young
spruce tree, the next a piece of ordinary
deal, and the third of an old piece of ma-
hogany. Again, the next slide you will
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recognize as the picture of a peacock’s
feather. There is much interest in these
pictures of feathers, as they distinguish the
brilliant interference colors from those pro-
duced by certain pigments; the beautiful
blue in the eye of the peacock’s feather is
without action on the photographic plate.
Butterflies’ wings, at least some of them,
will draw, as you see, their own pictures.
Linseed oil, which is a constituent of all
printing ink, makes it an active body, and
it can, like the zinc and other active bodies,
act through considerable distances. In the
picture before you the ink was at a distance
of one inch from the plate, and the next
glide shows what a remarkably clear and
dark picture ordinary printing can produce.
As the composition of printing ink varies so
does its activity, and here are pieces of
three different newspapers which have acted
under the same conditions on the same
plate, and you see how different the pic-
tures are in intensity. Printed pictures, of
course, act in the same way—here is a like-
ness of Sir H. Tate taken from ¢ The Year’s
Art.” The pictures and printing in Punch
always print well ; so does the yellow ticket
for the Friday evening lectures at the Royal.
Institution ; also the rude trade-mark on
‘Wills’s tobacco, and it is of interest because
the red pigment produces a very clear pic-
ture, but the blue printing is without action
on the plate.

An interesting and important peculiarity
of all these actions is that it is able to
pass through certain media; for instance,
through a thin sheet of gelatin. Here are
two plates of zinc ; both have been scratched
by sand-paper; one is laid directly on the
photographic plate, and the other one has
a sheet of gelatin, its color is of no note,
laid between it and the sensitive plate ; the
picture in this case is, of course, not so
sharp as when no gelatin is present, but it
is a good and clear likeness of the scratches.

Celluloid is also a body which allows the
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action to pass through it, as is seen in this
picture of a piece of perforated zine, a pic-
ture which was produced at ordinary tem-
peratures. Gold-beaters’ skin, albumen,
collodion, gutta-percha, are also bodies
which are transparent to the action of the
zine and the other active bodies. On the
other hand, many bodies do not allow the
transmission of the action through them;
for instance paraffin does not, and among
common substances writing-ink does not, as
is easily shown by placing ordinary paper
with writing on it between the active body
and the photographic plate. The active
body may conveniently be either a plate of
zine or a card painted with copal varnish
and allowed to dry, or a dish of drying oil.
The picture of an ordinarily directed en~
velope shows this opacity of ink well. It
is a property long retained by the ink, as
this picture of the direction of a letter, writ-
ten in 1801, shows; also this letter of Dr.
Priestley’s, dated 1795; and here is also
some very faded writing of 1810, which
still gives a very good and clear picture.
Even if the writing be on parchment, the
action passes through the parchment, but
not through the ink, and hence a picture is
formed.

‘With bodies which are porous, such as
most papers, for instance, the action passes
gradually through the interstices, and im-
presses the plate with a picture of the gen-
eral structure of the intervening substance.
For instance, the following pictures show
the structure and the water-mark of certain
old and modern writing-papers. Some
modern writing-papers are, however, quite
opaque ; but usually paper allows the action
to take place through it, and combining
this fact with the fact of strong activity of
the printing-ink, the apparently confused
appearance produced on obtaining a picture
from paper with printing on both sides is
accounted for, as the printing on the side
away from the photographic plate, as well
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as that next to it, prints through the paper,
and is, of course, reversed.

I hope I have now given you a clear idea
how a picture can be produced on a photo-
graphic plate in the dark, and the general
character and appearance of such pictures.
I now pass on to the important question of
how they are produced. Moser suggested
fifty years ago that there was ‘ dark light,’
which gave rise to pictures on polished me-
tallic plates, and lately it was suggested
that pictures were produced by vapor given
off by the metals themselves; the explana-
tion, however, which I have to offer you is,
I think, simpler than either of these views,
for I believe that the action on the photo-
graphic plate is due to the formation of a
well-known chemical compound, hydrogen
peroxide, which undergoing decomposition
acts upon the plate and is the immediate
cause of the pictures formed. The compli-
cated changes which take place on the sen-
sitive plate I have nothing to say about on
the present occasion, but I desire to con-
vince you, that this body, hydrogen perox-
ide, is the direct cause of these pictures pro-
duced in the dark. Indirect proof has to
be resorted to. Water cannot be entirely
excluded, for an absolutely dry photo-
graphic plate would probably be perfectly
inactive, and as long as water is present
peroxide of hydrogen may be there also.
But what are the conditions under which
these pictures are formed? Only certain
metals are capable of producing them. This
list of active metals which I have men-
tioned to you was determined solely by ex-
periment, and when completed it was not
evident what common property bound them
together, Now, however, the explanation
has come for these are the very metals
which most readily cause, when exposed
to air and moisture, the formation of this
body peroxide of hydrogen. Schonbein
showed as long ago as 1860 that when zinc
turnings were shaken up in a bottle with a
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little water hydrogen peroxide was formed,
and the delicate tests which we now know
for this body show that all the metals I
named to you not only can in the presence
of moisture produce it, but that their power
of doing so follows the same order as their
power of acting on a photographic plate.
Again, what happened with regard to the
organic bodies which act on the photo-
graphic plates? I have already mentioned
that in experimenting with the metals it
was accidentally observed that copal var-
nish was an active substance producing a
picture like that produced by zine, and
that the action was traced to the turpentine
present ; again a process very much like
groping in the dark had to be carried on in
order to determine which were active and
which inactive organic bodies, and the re-
sult obtained was that the active substances
essentially belonged to the class of bodies
known to chemists as terpenes. Now a
most characteristic property of this class of
bodies is that in presence of moisture and
air they cause the formation of hydrogen
peroxide, so that whether a metal or an or-
ganic body be used to produce a picture, it
is in both cases a body capable, under the
circumstances, of causing the formation of
hydrogen peroxide. Passing now to ex-
perimental facts, which confirm this view
of the action on sensitive plates, I may at
once say that every result obtained by a
metal or by an organic body can be exactly
imitated by using the peroxide itself. It is
a body now made in considerable quantity,
and sold in solution in water. Even when
in a very dilute condition it is extremely
active. One part of the peroxide diluted
with a million parts of water is capable
of giving a picture. It can, of course, be
used in the glass dishes like any other
liquid, but it is often convenient not to
have so much water present; and then it is
best to take white blotting paper, wet it in
the solution of the peroxide, and let it dry
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in the air. The paper remains active for
about twenty-four hours ; or, what is still
better, take ordinary plaster of Paris, wet
it with the peroxide solution, and let it set
‘in a mould’ so as to get a slab of it.
This slab increases in activity for the first
day or two after making, and retains its
activity for a' fortnight or more. Such a
slab will give a good and dark picture in
three or four seconds.

To show how similar the pictures pro-
duced by the peroxide and those by zinc
are, pictures of a Japanese paper stencil,
which had been paraffined to make it quite
opaque, have been made by both processes,
and are shown with other instances in
which turpentine was used in the following
slides. Tt is also very easy to obtain good
pictures with the peroxide alone of the
structure of paper, ete.; see, for ingtance,
this one of a five-pound note and these of
lace. , Again, the strict similarity between
the action of the peroxide and that of the
metals and organic bodies is further shown
by the fact that its action passes through
the same media as their action does ; and
here are good pictures formed by the action
of the peroxide after passing through a
How this sing-
ular transmission can be explained, I have
treated of elsewhere, and time does not
allow of my discussing the matter to-night.

There are many ways in which the
bright, active zinc surface can be modified.
Draw your finger across if, press your
thumb upon it, and you stop its activity, as
is shown by the picture it will give. Lay
a printed paper on the zinc, and let the
contact continue for three-quarters of an
hour, at a temperature of 55°, then bring
the zinc in contact with a sensitive plate, a
picture of the printing is formed, but allow
the contact between the zinec and printing
to continue for eighteen hours at the same
temperature, and the picture then given by
the zinc is the reverse of the former one.
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Where the ink has been is now less active
than the rest of the plate. Here are slides
which show these positive and negative
pictures. Another way of modifying the
zine surface is interesting. You have seen
that the ordinary zinc surface which has
been exposed to air and moisture is quite
inactive, but if a bright piece of zinc be
immersed in water for about twelve hours,
the surface is acted on; oxide of zinc is
formed, showing generally a curious pat-
tern. Now if the plate be dried, it will be
found that this oxide is strongly active, and
gives a good picture of the markings on the
zine. The oxide evidently holds, feebly
combined or entangled in it, a considerable
quantity of the hydrogen peroxide, and it
requires long drying or heating to a higher
temperature to get rid of it. Also, if a zinc
plate be attacked by the hydrogen peroxide,
the attacked parts become more active than
the bright metal. Thus place a stencil on a
piece of bright zinc, and expose the plate
to the action of an active plaster of Paris
slab, or to active blotting-paper for a short
time, then, on removing the stencil, the
zinc plate will give a very good picture of
the stencil. Any inactive body—for in-
stance, a piece of Bristol board or any or-
dinary soft paper—can be made active by
exposing it above a solution of peroxide, or,
more slowly, by exposing it to a bright zine
surface. If, for instance, a copper stencil
be laid on a piece of Bristol board, and a
slab of active plaster of Paris be placed on
the stencil for a short time, the Bristol
board will even, after it has been removed
from the stencil for some time, give a good
picture of the stencil. Drying oil and other
organicbodies may be used in the same way
to change the paper. A curious case of this
occurred in printing a colored advertise-
ment cut out of a magazine, for there ap-
peared printing in the picture which was
not in the original. This printing was ulti-
mately traced to an advertisement on the
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opposite page, which had been in contact
with the one which was used ; thus this
ghostly effect was produced.

- I believe, then, that it is this active body,
hydrogen peroxide, which enables us to
produce pictures on a photographic plate in
the dark. There are many other curious
and interesting effects which it can produce,
and which I'should like to have shown you,
had time permitted. '

I would only add that this investigation
has been carried on in the Davy Faraday
Laboratory of this Institution.

WirLiam JAMEs RUSSELL.

DEGENERATION IN THE EYES OF THE COLD-
BLOODED VERTEBRATES OF THE NORTH
AMERICAN CAVES.*

“ DEGENERATION,’ says Lankester, ¢ may
be defined as the gradual change of the
structure in which the organism becomes
adapted to less varied and less complex
conditions of life; whilst elaboration is a
gradual change of structure in which the
organism becomes adapted to more and
more varied and complex conditions of
existence.”

Degeneration may affect the organism as
a whole or some one part. I propose to
speak not on degeneration in general but to
give a concrete example of the degeneration
of the parts of one organ.

The eyes of the blind vertebrates of
North America lend themselves to this
study admirably because different ones have
reached different stages in the process, so by
studying them all we get a series of steps
through which the most degenerate has
passed. This enables us to reach conclusions

* Presidential address at the meeting of the Indiana
Academy of Sciences, Dec. 27, 1899. The detailed
account of the eyes, whose general features are given
here, has in part been published in Roux’s Archiv f.
Entwickelungsmechanik, VIII., and will in part be
published in the Proceedings Am. Microscopical So-
ciety for 1899.



