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visibly affected - matter — darkening

some that was light and lightening some

that was dark, and changing and dis-
charging colors, must have been noticed before
history began to be recorded, although it was
not till perhaps the fourth quarter of the 18th
century that it began to receive anything like
systematic attention; not until Scheele, a Swed-
ish chemist, noticing that silver chloride dark-
ened under the rays of the sun, sought for ex-
perimental evidence of the cause and conse-
quence. He found that the action was practically
confined to the lower end of the spectrum, the
blue-violet and the ultra-violet; and that the re-
sult was a liberation of chlorine. Scheele was
followed by many others, some of whom added
more or less to the desired information; but not
till 1791 does any one seem to have thought of
it as a means of picture-making; at which date
there is ample evidence in a book, ‘Tom Wedge-
wood, the First Photographer,” published in
1903 by Duckworth and Company of London
that Wedgewood made photographic copies of
pictures, probably using the salts of silver and
by “contact printing® A more or less full ac-
count of his methods, written by Davy, appears
in the ‘Journal of the Royal Institute’> for 1802,
but although it is known that he worked with
Davy in the laboratorg of the institution it
does not appear that the latter had any share
in the photographic experiments.

To Nicephore Niegce, however, belongs_the
honor of getting the first camera 1mage, which
he did in 1827, although he had been experi-
menting since 1814; but as, according to Da-
guerre, it required an exposure of from seven
to eight hours, it left much to be desired; and
it is safe to say that practical photography was
not reached till 1839. Early in January of that
year, Daguerre first reported the results of his
process and published a description of the same
on 19 Aug. 1839. On 31 Jan. 1839, Talbot, who
had obtained permanent prints and camera im-
ages as early as 1835, reported his process to
the Royal Society, and on 21 February follow-
ing, published the details of the same. In the
ear? part of 1839, Munﬁg Ponton, in a paper
read at a meeting of the Royal Scottish Society
of Arts, made known to the world his discovery
that soluble organic matter, in the presence of
an alkaline bichromate, was rendered insoluble
by exposure to light —a discovery the value of
which was not recognized for some years, but
which is the basis of all that is included in

P HOTOGRAPHY. The fact that light

“process work,® or half-tone engraving. See
HOTOENGRAVING, .
Daguerre and Talbot had been working in-
dependently and without knowledfe of each
other for several years, the latter alone and on
scientific methods, having been a student of
science, especially chemistry, from his school
days; the former empirically and, for some time
before he reached the goal, in conjunction with
Niepce. The latter had been working at the
problem since 1814. He obtained camera im-
ages in 1827, and two years later, at the solici-
tation of Daguerre, entered into partnership
with him. rom the documentary evidence
available, it is at least certain that the sugges-
tion of the action of iodine on a silver plate —
which led to ultimate success —came from
Niepce. Be that as it may, it is worthy of
notice that, working on different lines and with
different material, Daguerre and Talbot found
success in the same metallic haloid, the same
silver iodide, although made in a very different
way and giving very different results. Each
was able to secure photographic impressions,
one on sensitized paper, the other on a sensi-
tized plate, but were unable to prevent the im-
agse from fading out until Sir John Herschel, in
1839, discovered that hypo-sulphite of soda
dissolved out the silver unaffected by light,
thereby ﬁx'ngh the image. Daguerre's process,
to which he had given the name %“daguerreo-
type,” consisted in exposing the highly polished
surface of a silver plate, or a copper plate
coated with silver, to the vapor o? iodine.
The silver iodine thus formed passed through
various colors, depending on the length of the
exposure, and experience soon showed the
color which had the highest degree of sensi-
tiveness. This, on exposure in the camera,
produced no visible image, but, on exposing the
plate to the vapor of mercury (such small
quantity as arose from a temperature of about
140°), an image was developed, the mercury
vapor having adhered to such parts as had been
acted on by light, and in proportion to the quan-

tity or intensity of that light.

The image thus formed was of exquisite del-
icacy, the minuteness of its detail being lim-
ited only by the degree of perfection of the
optical appliances; but the process was slow, re-
quiring an exposure of minutes. Prof. John
William Draper of the University of the City
of New York, with improved lenses early in
1840 made the earliest sunlight picture of a
human face by this process. The subject was
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his sister, Miss Dorothy Catherine Draper. The
picture is the property of Sir William Herschell
of England. Nearly a year later, Goddard in
England and another of the same name in
America added bromine, which reduced the ex-
posure to seconds. About the same time an
improvement hardly less important was made
by Fizeau, known as “gilding,® the deposition
of an extremely thin film of gold on the surface
of the plate, which materially added to the
beauty and permanence of the image. The diffi-
cult chim about the daguerreotype was that it
could not be duplicated nor multiplied except
by making duplicate original pictures with a
plurality of lenses, as is now done with the
ferrotype or tin type. Each exposure yielded
a picture complete in itself, but only one, a
positive; whereas the altogether easier although
apparently more complicated method of Talbot
gave a negative that could be duplicated from
or multiplied to any extent.

Talbot’s process (calotype, he termed it, but
better known by his own name) had for its
support paper, and according to his first de-
scription was made as follows: A sheet of
paper was brushed over with a solution of sil-
ver nitrate, dried and dipped into a solution of
potassium iodide and again dried. This he
called iodized gaper; it was hardly if at all
sensitive to light, and would keep indefinitely.
To make it sensitive, it was brushed over with
what he called gallo-nitrate of silver, a mixture
of solutions of silver nitrate and gallic acid; and
after exposure on the camera the image was
developed by brushing over with the same solu-
tion and the application of a gentle heat. The
image so produced was a “negative®; that is,
the lights and shades were reversed, darks in
the subject being represented by lights or white
paper and vice versa. The advantage of this lay
in the fact that a sheet of the same paper placed
under this negative and exposed to light re-
sulted in a positive, an image in which the lights
and darks were in their right position; and
that an unlimited number of such positives
could be made from such negative. But as
positives on calotype paper would require de-
velopment, the same as the negative, Talbot
recorpmended -the employment of the silver
chloride paper first brought before the Royal
Society, which simply required exposure to
light, or what is now known as %printing-out
paper® To facilitate this printing, and to
avoid as far as possible the grain of the paper
in the paper negative, he subsequently saturated
it with wax; and later on, paper iodized and
waxed, or “waxed paper,® became an article of
commerce.

About 1840 “amateur® photographers came
on the stage. Le Gray’s wax-paper process, a
modification of the talbotvpe, which consisted
in waxing the paper before iodizing it, came
into use; it was slow yet yielded fine results, so
fine, indeed, that some of the negatives made
then are quite equal to anything turned out at
the present time, notwithstanding all the im-
provements. The albumen process, first pro-
posed by Niepce de Saint Victor, a nefhcw of
the original Niepce, was perfected by Le Gray
about 1850. Iodized albumen was spread on a
glass plate and sensitized by immersion in a
solution of silver nitrate; and it gave results
that for delicacy of detail have not been equaled

except by the daguerreotype; results so perfect
that for certain purposes —such as transpar-
encies for the stereoscope and for enlarging —
it has no equal, and consequently is still in use.

In 1850 the introduction of a practical
method of employing collodion as the sensitive
film and glass as its support gave photography
a new impetus. Collodion, a solution of a va-
riety of gun-cotton, in a mixture of alcohol and
ether, was suggested by Le Gray, in 1850; but
it remained for Scott Archer of London in
1851 to give it a practical form. Compared
with the daguerreotype, it was simplicity itself,
while in delicacy of detail and beauty it was not
far behind; and more important still, the im-
age might be either positive, so as to be avail-
able at once, or negative, with all the advan-
tages of unlimited multiplication. The image
on a collodion plate is positive when examined
by reflected, and negative by transmitted,
light. With a comparatively short exposure
and development, the plate needs only backing
with some black substance to supply the
shadows to convert it into a very beautiful
picture. With longer exposure, and develop-
ment continued until the highest lights are
opaque, followed by intensification, it need be,
the image is negative, and capable of giving
prints of the very highest quality. The devel-
oper used is a solution of sulphate of iron and
acetic acid, while the fixing agent to fix or
dissolve out the film unacted upon by light, is a
solution of cyanide of potassium. From this
duality of the collodion film there arose two
classes of professional photographers, the few,
with higher ideals and catering to the better
class of the people, adhered to negatives of con-
siderable size, generally “whole plate,? 814 x 614
— supplying only one print at a time. The
other class, the many, contented themselves with
small positive prints, and the “carte de visite?
soon displaced the glass positive, or, as it was
called in America, “ambrotype.” .

But collodion, or wet collodion, as in the
light of after developments it was called, how-
ever convenient for the professional, heavily
taxed the amateur who went afield. The plates
had to be prepared and finished on the spot
which entailed, even when only the smaller
sizes were used, the transportation of an amount
of apparatus and material that would greatly in-
commode a modern amateur. This led to a
demand for a process that could be emplogred
in the field as easily as wax paper, and, after
many attempts, the result was what was then
known as “dry collodion,” 1856-57. A dry col-
lodion plate differed from a wet in having the
free siﬁver nitrate washed away; but if then
dried and exposed, only a weak, useless image
could be obtained, as it required something to
take the place of the silver as an absorber of
the liberated iodine and bromine. Thjs ab-
sorber, or sensitizer, as it was called, consisted
first of certain preparations of gelatine, then
tannin, and ultimately almost any kind of sol-
uble organic matter, tea, coffee, malt, beer, al-
bumen, etc. Such plates were slow, 5 10
and 15 minutes being quite usual, even on
well-lighted landscapes, and although it was a

reat relief to have nothing to take to the field
ut a dozen plates in half as many double slides
or plate-holders, the amateur was not satisfied.

%he next step in advance was the introduc-
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Monument in the National Museum, Washington, D. C., to Daguerre, the discoverer of the art of photography




Copyright, 1900, by A. R Duymore
A BROOD OF WILD CHIPPING SPARROWS

Photographed on the author’s hand by himself, using an air bulb and long tube. The mother bird is feeding her young, and the other
parent flew just as the exposure was made

ROCK BASS
Photographed in water
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tion ‘by Sayce and Bolton of the %collodio-
bromide emulsion in 1864-65.> This did away
with the troublesome preparation of the plate in
the silver bath, it being only necessary to pour
the sensitized emulsion directly on the plate
and set it up to dry. Exposures were now much
shorter, but still far behind wet collodion, and
so the search for greater rapidity continued.
Henry J. Newton, in 1870, prepared a collodio-
bromide emulsion of considerable sensitiveness,
which was successfully used prior to the intro-
duction of the faster process, The emulsion
idea was really the turning-point. In 1871 Dr.
R. L. Maddox of England, while using photog-
raphy as an aid in his microscopical work, dis-
covered the possibilities of an emulsion com-
posed of isinglass, gelatine and bromide of
silver, and published a description of his process
that year in the Byitish Journal of Photo
raphy, submitting specimen negatives to the
publishers. His process may be said to be
the beginning of the now universally used gela-
tino-bromide process, commonly known as the
“dry plate® process. In the preparation of the
emulsion, only certain kinds of gelatine are
suitable, and much time was spent in discover-
ing which was the best. King, 1n 1873, improved
the emulsion by washing out the free silver,
thereby increasing its rapidity. In the same
year Burgess began the manufacture and intro-
duction of prepared plates. Bennett in 1874
sold dry sensitized emulsion or pellicle which
could be prepared for coatinlg })lates by simply
dissolving in hot water. In 1878 Bennett made
a great step in advance by “cooking” or heat-
ing the emulsion at a given temperature. This
wonderfully increased the sensitiveness of the
emulsion to light to such an extent that glass
plates coated with a film of it became from 30
to 50 times more sensitive to light than wet
collodion, which was then considered standard.
At a meeting of one of the London societies,
Bennett showed full-timed negatives made with
such brief exposures as to fairly astonish those
present. Mockhoven in 1879 discovered that

the introduction of ammonia into the emul-
sion remarkable rapidity was obtained nearly
equal to the “boiling or heating® method of
Bennett. Very soon several dry plate manu-
facturers began to supply the prepared plates
for the use of photographers. About l&)-&
plates began to be made in the United States
by Cramer and Norden, photographers in Saint
Louis, Mo., and John Carbutt in Philadelphia.
It was a new industry, for theretofore photog-
r?phers were required to prepare their own
plates.

In 1884 A. L. Henderson, an English photog-
rapher, demonstrated before the Society of Ama-
teur Photographers of New York, the process
of making a gelatino-bromide emulsion. The
general process is shown in the following for-
mula as used by Henry London:

Pirst make the following two solutions:

No. 1.
Bromide of potassium........................ 20 grams
Cels Nelson’'s No. 1.............0ceuue, :: grams
m pou.mm .......................... grams
Distilled water. .............cociviiiiinnnnn 170 c. ¢
Alcobol, 9S percent...........ocvvuiiienia... 25c. ¢
” No. 2
Nitrateof silver. ............c.coiiiennnnnnnn. 25 grams
i WALET. .. ... it 170 c. c.

' No.
Heinrichs’ special gelatine.....................
Nelson’s No. 1 gelatine................coonunn
Distilled water. .. .............coiviiiinnannn

Each of the above soluti may be prepared sepa-

rately, in ordinary light. Solution No. 1 is placed in a water

bath of warm water, and constantly stirred with a glass rod;

when all the ients are completely dissolved, it is

with blue litmus oraper for acu'ht{; if not acid, it is made so

b; thleaddmon enough of the following to turn the litmus
t]

S drams
1 dram

jon is thoroughly mixed by being placed in a
hot water bath and a?igatma. then in a darkened room
illuminated only by a faint non-actinic light.
tion is mixed with No. 1 solution in the form of a 2
30 that the silver may come in contact with the bromide
and be converted into bromide of silver. After cool to
90° F. a solution of alcohol S cubic centemeters (nearly 2
drams) and ammonia (Sp. Gr. 910) — 110 minims is added a
little at a time. em is then under heat over
night at a temperature of 100° F. and solution No. 3 heated
up to 125° F. and then cooled down to 100° P. isadded to the
sensitized solution. The whole is allowed to cool until it
solidifies into the form of a jellg;othil is compressed and sifted
through a screen until it 18 broken

No. 2 solu-
stream

The foregoing is the basis of the process
now used by all the large manufacturers of
dry plates, who consume many tons of silver
gelatine and glass to supply the demand. Spe-
cially constructed machinery is used for pre-
paring and coating plates and paper with the
sensitive emulsion on a large scale. To explain
the magnitude of this work, there was made in
1903 a single positive print on gelatino-bromide
paper in Germany 40 feet long by 5 feet wide.
A special building was constructed to hold the
immense reel, over 13 feet in diameter, on
which the exposed paper was wound and
developed.

The convenience to the novice or skilful
photographer. of having a sensitized plate ready
prepared and capable of being used at any
time, gave a great impetus to photography, and
extended its ficld of usefulness in a remarkable
degree. The great sensitiveness of the plates
facilitated the practice of instantaneous photog-~
raphy which led to the manufacture of the hand
camera, an instrument carried in the hand by a
handle, having a finder for locating the image
to be photographed, a shutter adjustable for
rapid or slow exposures, and a focusing device
so arranged that the instrument can be used at
a moment’s notice without the aid of a tripod.
The first practical machine of this kind was in-
invented by a German, M. Schmid, and was in-
troduced by E. and H. T. Anthony and Co. of
New York in 1884-85. It was found that the
sensitized solution could be applied to celluloid
transparent film as well as to plates. This
lightened the work of the photographer and
avoided the danger of breakage %ich the use
of glass entailed. John Carbutt of Philadelphia
was the first to introduce coated cut celluloid
films in 1883. In 1888 there was introduced by
George Eastman of Rochester, N. Y., a new
miniature hand camera named the %kodak,”
which carried spools or rolls of paper sensitized
with a film of gelatino-bromide emulsion of -
sufficient length to take at least 100 small
pictures about three inches in diameter. After
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each exposure the paper was reeled off, bring-
ing a fresh surface behind the lens. The spool
of exposed paper was removed in a dark room
and developed there. From the paper negatives
thus obtained, prints were made on the same
lan as from the paper negatives made by Fox

albot. Or by a tedious process the developed
gelatine film was removecF from the paper sup-
port and mounted upon a transparent gelatine
sheet, which avoided the grain of the paper.
A year later improvements were made in the
manufacture of celluloid films, whereby they
could be produced in long strips, and these sup-
planted the paper at first employed. The film
of the present day is simply a refinement of the
first celluloid rollable film, with the additional
improvement that it is wrapped in an extra
length of non-actinic opaque paper, allowing
the roll to be inserted in and removed from
the camera in open daylight, thereby dispensing
with the usual dark room. The rollable film
is of great utility to tourists and others. The
manipulation of the gelatine film requires the
use of cool solutions not exceeding a tempera-
ture of 80° F., on account of its tendency to
soften and dissolve away if too warm. This
tendency is checked by the use of alum or
formaldehyde.

On the Continent, in the United States and
some other countries, the ferrous oxalate de-
veloper (first proposed by Carey Lea in 1878)
was at first greferred for developing the
bromide film either on plates or paper; it 1s pre-
pared by mixing two chemicals separately. First
a saturated solution of ncutral oxalate of potas-
sium is made acidified slightly with oxalic acid,
then a solution of sulphate of iron ms
to 1,000 c.c. of water slightly acidified with sul-
phuric or acetic acid. Prior to development one
part of the iron solution is mingled with six
parts of the potash solution, which makes a
sherry-colored solution. In this several plates
or sheets of bromide paper may be successively
developed. In England the pyro ammonia de-
veloper was preferred and is prepared by dis-
solving about four grains of pyrogallic acid
in one ounce of water and adding a drop or two
of strong ammonia. The negative obtained had
a brown and yellow color rendering it a slow
printer. In 1882 Herbert Berkley discovered
that a small quantity of neutral sodium sulphite
added to the pyro ammonia developer retarded
the oxidation of the developer and prevented
the yellow pryo stain yielding negatives of a
bluish black color.

Soon after this, in the United States, prior
to 1884, H. J. Newton suggested the use of
sodium carbonate (ordinary sal soda) as a sub-
situte for the alkali ammonia in the pj'ro de-
veloper, which with sodium sulphite made a so-
lution that was particularly adapted to the pro-
duction of negatives having quick printing
qualities. The sodium sulphite prevented the
yellow stain, and the carbonate of sodium was
more stable than the evaporating ammonia.

The proportions of the developer were:
Sodium sulphite. . .

llic acid. . . ..

For a developer, 30 c.c. of pyro solution and
30 c.c. of alkaline solution are put into 185 to

305 c. c. of water. It was found about this time
to obtain the best results on plates having had
instantaneous exposures, that potassium carbon-
ate as an alkali superseded soda, and this is
largely used at the present time, in combination
with soda, particularly for the development of
shortly-timed plates. In 1889 and since then the
new coal tar eveloging agents were introduced
under the name of eikonogen, metol, glycin,
ortol, etc. They largely take the place of pyro-
gallic acid. The fixing agent for dissolving out
the creamy unacted-upon film after develop-
ment is hyposulphite of soda.

Printing methods in photography have been
as varied and their improvements as great as in
the case of the negative. At first prints were
made on plain silver chloride paper, and when
the ammonia-nitrate was substituted for the
plain nitrate, some were made that are not ex-
celled by anything at the present day. The
desire for greater detail, however, brought into
use albuminized paper, which not only came
into universal use, but held its sway until com-

aratively recent times. About a decade ago
1t was displaced by paper coated with a chloride
cmulsion, a highly glossy family, generally
known as the “aristo.® This still continues in
use and is largely used in prints intended for
process reproduction, on account of the clear
rendering of fine details. For truly pictorial
work methods which give “mat® or plain paper
prints are Yreferred. The principal, or the
most generally employed, are the “carbon® and
the “platinum® methods, both introduced in the
'60s’ though both lay dormant for many years.

The carbon, probably the best of all printin,
methods, although platinum is a close secon
is more of a mechanical than a chemical proc-
ess. It uses a dpaper coated with bichromated
gelatine, colored with finely divided carbon or
other pigment. This is exposed under a nega-
tive, and wherever light has reached the
Stissue,” as it is called, and just in proportion
to the quantity or intensity of that light, the
gelatine becomes insoluble. Immersed in warm
water, the soluble parts of the tissue (those
protected by the opaque or semi-opaque parts
of the negative, and consequently the lights of
the picture) soften and are washed away. Who
first proposed carbon is uncertain. Fargier,
in France, was early in the field, but to Swan
of England is due the credit of first making it
a practical process; although Blair of Perth,
Scotland, was the first to recognize the crucial
part of it — the necessity for exﬁosing through
the back of the tissue, or in other words, de-
veloping from the side opposite to that which
was exposed. Platinum was introduced by
Willis of England in 1874, and is based on the
fact that a platinum salt is reduced to its metal
in the presence of potassium oxalate and a
ferrous salt of iron. At first the paper was
coated with the ferric salt of iron and exposed
to light under the negative, the light changing
the ferric to the ferrous salt. evelopment
was effected by a hot solution, a mixture of
the oxalate and the platinum salts; but more
recently the platinum has been mixed with the
iron, and development carried on in a cold
solution of potassium oxalate.

During recent years two modifications of
the carbon printing process have come into
pretty general use, especially among picto-
rialists; “gum-birchromate” and “ozotype®
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They are simpler than the original method, do
not reverse the image, need no transfer and are
supfosed to give greater control.

n the gum-bichromate process, paper is
evenly coated with a suitable mixture of gum-
arabic, coloring matter and potassium bichro-
mate, and dried. It is printed under a negative
in the ordinary way and developed by floating
on water of suitable temperature, assisted by
brush action, letting the water fall in streams
and sometimes mixed with sawdust to assist the
removal of color from the lights.

In the ozotype process perfected by Manly,
paper is coated with a patented sensitive solu-
tion consisting of potassium bichromate and
certain other salts, dried and printed as in
gum-bichromate; and may then be kept indefi-
nitely. To develop the print the printed paper,
with a slifghtly visible image, is soaked in a
solution of hydroquinone acetic acid, copper or
iron sulphate, etc., according to the effect de-

sired, and, under the solution, brought into-

contact with a piece of carbon tissue, or the
« D

plaster® prepared by the patentee. C
ment takes place in warm water, the coloring

matter of the plaster or tissue adhering to the.

parts of the print acted on by light. The ferro
prussiate process (blue print process) was dis-
covered in 1842 by Sir John Herschel.

Not the least important of what may be
called the side issues, or secondary applications
of photography, are the various productions
used in printing. See PHoTO-ENGRAVING,

W. de W. A n? has it, in the colors of nature,
has been the dr

but, notwithstanding all that has been doae, we
are no nearer it than when they began. Color
photography, however, that is, photographs hav-
ing the semblance of the natural colors, has
made considerable progress. Becquerel was the
first to secure on silver chloride something ap-
proaching the colors of the spectrum, but. got
no further; and to Ducos du Haroun is due

the credit for, in 1869, clearly foreshadowing .

the three methods which include all that has
as yet been done in it — the superimposing of
three-color images, Joly-McDonough colored
lines, and Lippmann’s interference process.
Taking them in the order of their least im-
portance, Lippmann’s method is to expose a

very thin sensitive film backed by mercury as.
Incident .

a reflector, to the colored object. Ir
light reflected from the metallic mirror in con-

tact with the film results in interference, and, .

as the constituents of white light are of varied
wave-length, Produces in the film a series of
rlanes parallel with its surface, emitting colored
ight exactly as does the soap-bubble; but the
process is difficult, and not likely ever to be
more than a scientific curiosity. In the Joly-
McDonough method a negative is made in the
ordinary way, but with a g?‘ass plate with closely
ruled colored
with the sensitive plate. From the negative so
made a positive is printed, and a second or
viewing screen with similar colored lines is
placed in contact with it, and in exact register
with the impressed lines, the result being a
picture in the semblance of the natural colors.
An improvement over the screen color lined
Elate was made in 1906 by August and Louis
umiére of Lyons, France, manufacturers of
‘plates and films, by the introduction of single

bevelop- :

Photography in natural colors, or, as Sir‘
g

eam of many experimenters;

lines in front of and in contact.

glass plate coated with a special transparent film,
upon which is sprinkled a composite mixture
of colored microscopic dust-like starch (potato
starch) grains, colored respectively orange,
green and viofet, there being about 5,000,000
colored grains to the square inch. After the
late is thus coated it is brought under pressure
y special mechanical means which flattens out
the minute colored starch grains, causing them
to merge into each other, giving the appear-
ance, under the microscope, of a mosaic forma-
tion. Viewed by transmitted light, the screen
appears to have no color.

Upon the screen film thus formed the ortho-
chromatic silver sensitized gelatine emulsion is
flowed, and when dry the plate is packed ready
for use in the camera, like an ordinary dry
glate. except that it is inserted in the g)late

older film side down, against a sheet of black

surfaced er, which comes with a box of
plates. Thus the glass side of the plate is
next to the lens. .

A special yellow colored filter intended to
absorb a portion of the blue rays of light is
interposed in the camera between the lens and
the plate. The light from the object to be
photographed, after passing through the lens
and color filter, first impinges upon the glass
side of the color sensitive plate, then pene-
trates the screen film and lastly acts upon the
back of the sensitized film, affecting the film
automatically in proportion as the color par-.
ticles of the screen film transmit the colors of
the object photographed to the sensitized film,

he exposure of the plate in the camera for.
any given stop or diaphragm is usually about
50 times longer than for an ordinary fast plate.
The developer used is of the metol-quinone type,
having liquid ammonia as an accelerator.

Atter exposure, the developer (at a tempera-
ture of between 60° to 65° F.) is applied to
the plate (placed in a tray) preferably in a
room that is perfectly dark, for two and a half
mioutes. It is then poured off, the plate rinsed
with water, then a reversing solution (perman-
ganate of potassium) is applied (under a bright
light) for three minutes which dissolves away
the black reduced silver negative image, con-
verting the same into a positive image. The
plate 1s next rinsed under the tap and the same
developer is again used in the tray a second
time in bright daylight, which converts the un-
reduced bromide of silver (or what would
represent the shadows in the original negative
image) into dark metallic silver, and thus com-
pletes the manipulation required to make the
transparency. The plate, after removal from
the developer, is washed under the tap for a
brief period, and, on viewing the same by
transmitted daylight, a beautifully colored
transparency, gossessmg all the gradations of
the color of the original, is observed. -

The operation is nearly as rapid as that of -
making an ordma? tintype. The finished pic-
ture is termed an “autochrome,? since its color-
ing is automatically obtained.

The “three-color® method is the most impor-
tant, as it has the greatest commercial possi-
bilities, and gives the most varied and most sat-
isfactory results. Although Collen, in 1865, was

robably the first to suggest the method, and
u Haroun, in 1869, outlined it clearly, they and
those that followed them were on the wrong
track, working on the theory of Brewster, which
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never could lead to success, instead of that of

oung, Helmholtz and Maxwell, now univer-
sally accepted. The first to recognize this was
Fred E. Ives of Philadelphia, and to him more
than to any other, or indeed to all the others
together, are we indebted for the great progress
that has already been made. The first experi-
mental half-tone three-color plates and prints
were made in 1881,

In 1910 Mr. Ives introduced an improved
system of color photography by which dupli-
cate color photographs on a transparent film
were obtained. In a specially constructed
camera three sensitized dry plates, two of
which were sensitive to red and green rays of
light and one to blue rays, were exposed
simultaneously, after passing through the
single camera lens, between which and the
plates was interposed a yellow-orange trans-
parent light filter or screen for the purpose
of reducing the strength of the blue rays.

The three sensitive plates were enclosed in
a single plate holder, specially designed, so
arranged that two of the plates were placed
film sides in contact and a third, a trifle smaller
in size, with the film side against the glass side
of one of the two plates in film contact. The
three plates were secured together at one edge
bv a flexible paper hinge and the whole was
named a “tripack.”

To make an exposure in the camera (after
focusing) the holder (containing the three
plates) 1s inserted like an ordinary plate holder
in the usual way. On withdrawing the plate
holder slide, the smaller plate in the holder
falls out by gravity and rests on the bottom of
the camera in a horizontal position, but_ the
other two plates are held in the holder in a
vertical position. After this operation a second
yellow tinted transparent plate on the interior
of the camera was dropped by a lever on the
exterior, downward from the roof of the
camera in front of the tripack plate holder
at an angle of 45 degrees, the top of
the plate being nearer the lens than the
bottom, and formed a transparent reflec-
tion since its location was over the smaller
sensitive plate lying on the bottom interior of
the camera. Part of the light from the colored
object, after passing through the camera lens
and the yellow absorption filter, is reflected
downward by the transparent reflector upon the
two horizontal blue sensitive plates, while the
rest of the light continues on in a horizontal
direction, striking the underside first of the red
sensitive plate film, passing through the same
and acting upon the face of the yellow-green
sensitive plate film in contact therewith. Thus
three plates are in focus and exposed at one
time. After exposure the angular filter screen
plate is carried back to the camera roof, a lever
on the outside raises the horizontal smaller
plate into the plate holder till the plate holder
slide is pushed in. The three exposed plates
are each marked to indicate their respective
color sensitiveness and are then developed as a
unit in a tank developer for a specified time.
Each image is distinct and sharp and exactly
the same size. The duplicate positives are made
from the three negatives upon a transparent
film sensitized with a gelatine bichromated solu-
tion, printed in a printing frame in sunlight all
three at one time, fixed in warm water. Where
the light has acted, renders film absorbent to

color. Each respective film picture is next
dipped in its blue, red and yellow dye solution,
washed, and when dry are clamped together so
that images perfectly match between two pieces
of glass, with the result that a beautifully
brilliant colored very transparent picture, true
to nature, is obtained. See CoLor PHOTOGRAPHY.

A serious objection to silver-bromide, the
sensitive salt in the ordinary photographic plate,
is the fact that it is so much more sensitive to
the blue-violet than to the green and red of the
spectrum as to give a very false rendering of
color values or luminosities, the darker colors
showing as the lighter and vice-versa. Dr. W.
H. Vogel was, perhaps, the first to find that the
addition of certain dyes to the emulsion tended,
to a large extent at least, to equalize the sensi-
tiveness; and to plates prepared with such an
emulsion or soaked in the dyes after prepara-
tion, he gave the name of orthochromatic or
isochromatic. But even the most evenly sensi-
tive of such plates are still more sensitive to the
blue-violet than to the red and green and for
the best results — the true rendering of color
luminosity, it is desirable to employ color filters
or screens that will absorb the excess of blue-
violet,

The beginning of the moving picture idea
was early in 1878, prior to the introduction of
the present rapid dry plate, by E. J. Muybridge,
a photographer in San Francisco, Cal., who
photographed the movements of a racing horse .
owned by Leland Stanford by having a series
of individual cameras placed in a row about one
foot apart, the shutters of which were electri-
cally operated automatically, as the horse moved
forward. This first experiment proved that a
trotter’s feet are entirely off the ground to-
gether twice during the making of a stride. In
1896 Edison and others perfected the moving
film system in combination with a shutter. See
MoviNG PicTURES. .

In scientific investigation, photography has
been remarkably helpful. It has taken the place
of manual labor in record-keeping, measured
the velocity of flying bullets, shown the true
positions of animals in motion and created the
“pew astronomy.® As early as 1840, Draper
had made photographs of the moon; in 1857
De la Rue established heliographic observation
of sun spots, a work begun at Kew and con-
tinued at Greenwich till the present time. Em-
ployed in every solar eclipse since 1860, photog-
raphy has told us all that we know of the
corona and chromosphere; it has revealed the
mystery of the hitherto puzzling nebule, and,
by virtue of the fact that the light action is
cumulative, has told of the existence of stars
so far away as to be beyond the ken of the
human eye, aided by the most powerful telescope
yet made. At the Astro-photographic Con-
gress that met in Paris in 1887, it was resolved
to make a photographic survey and star-map
of the heavens and at present there are 18
telescopes, each of 13-inch aperture, engaged
in that work in various parts of the world,
while in most of the more important observa-
tories protography and the spectroscope are
joined together and made daily, or rather
nightly, to tell us more and more of the mystery
of the heavens.

As an educational adjunct, photography has
played an important part. The projection lan-
tern finds a place in every well-equipped lecture-
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room, and the photographic lantern-slide lends
itself equally to the teaching of science and
the illustration of travel. The beauty and ac-
curacy of the photographic lantern-slide and the
ease with which it is made make it equally
available to the college professor and the itin-
erant lecturer, enabling the one to show to a
whole class what otherwise would require to
be handled by the members one by one; and
giving to the other an opportunity of making
a comfortable living and in some cases amass-
ing a fortune, by amusing and instructing the
popular audience. Hardly less important, al-
though much less popular, is the enlarging of
small objects, ®photomicrography.® In bacteri-
ology, histology, etc., its importance can hardly
be overrated, affording, as it does, illustrations
in works dealing with such subjects that are
without a suspicion of the imperfections of
draftsmanship and showing, as they do, when
orthochromatic plates are employed, the differ-
ent luminosities of the various stains.

Nor is photography less important from a
social point of view. While it displaced minia-
ture painting, a style that only the rich could
enjoy, it gave a better likeness of loved ones
equally available to rich and poor. It has given
us correct instead of fancy or distorted views
of the manners, customs and scenery of distant
lands; enabled the cottager to decorate his walls
with better pictures than were available to his
richer neighbor previous to its advent and given
a new interest to periodical literature by the
low cost and excellent quality of its illustra-
tions. Not less wonderful has been its influence
commercially. It has created new branches of
trade and manufacture and largely increased
many that were in existence before, furnishing
well-paid work to hundreds of thousands of
both men and women. The glassmaker and the
optician have wrought together till they have
given us lenses as nearly perfect as we can hope
to see; the chemist has given us new matenal
and improved the old, building factories for
the manufacture of some by the ton that, pre-
vious to the advent of photography, were only
known as curiosities of the laboratory; while
the camera-maker has so exercised his inge-
nuity as to Five us cameras of perfect workman-
ship and almost automatic in their action. In
1914 there were 87 establishments in the United
States manufacturing photographic apparatus,
of which 21 made almost exclusively cameras
and 21 motion-picture machines. In the same
year there were reported 59 factories makin

hotographic materials of the gross value o
¥4.273. . This latter industry employed 6,658
people and made gross products of $34,768,000.

Bibliogragg;.— Harrison, ‘History of Pho-
tography’ (1887); Wall, Dictionary of Pho-
tography’ (1897); Payne, ‘Wet Collodion Pro-
cess’ (1907) ; Derr, ‘Photography for Students’
( 1906?; Holme, ‘(:olour Photography’ §l908);

Cassell, ‘Cgclopedna of Photography’ l9llg;
ones, ‘Photography of To-Day’> (1912);
ance, “Commercial Photography’ (1914);

Roebuck, ‘The Science and Practice of Photog-
raphi’ (1918) ; files of The Camera, Photo-
graphic Journal, etc. See PHOTO-ENGRAVING.
oHN Nicor, Ph.D,,
REDERICK C. BeacH, Ph.B.

PHOTOGRAPHY IN COLOR. See
PHOTOGRAPHY.

PHOTOGRAVURE, . fo"to-gri-vir, a
process of engraving in which, by the aid of
photography, subjects are reproduced as plates
suited for printing in a copper-plate press. The
process known as heliogravure is essentially the
same. See PHOTO-ENGRAVING.

PHOTO-GLYPTOGRAPHY, that depart-
ment of photo-engraving in which the plates are
in intagho. See PHoto-ENGRAVING.

PHOTO-HELIOGRAPH, an instrument
for observing transits of Venus and other solar
1f>henomena, consisting of a telescope mounted
or photography on an equatorial stand and
moved by suitable clockwork.

PHOTO-LITHOGRAPHY, a method of
producing by photographic means designs upon
stones or zinc or aluminum plates, from which
impressions may be obtained by lithographic
process. The first requisite for the production
of a good result by this process is a suitable
original. The drawing should be made with
perfectly black lines throughout, no matter how
thin the lines are; the scale of reduction should
not be too great; the best proportion is ob-
tained when the drawings are made about one-
third larger than the required block; the paper
used should be white and smooth in texture.

The negative for a line-block is made prefer-
ably by the wet-plate or collodion process, be-
cause of the facility with which these plates
can be intensified and the clearness of the lines.
Asser of Amsterdam was the first to put photo-
lithography to Ki’actical use, but probably it is
to Osborne of Melbourne that we are indebted
for the modifications which made it the process
now employed by every map-maker in the
world. . A sheet of suitable paper is coated by
floating on a solution of bichromated gelatine or
albumen; printed under a negative and inked
cither by a roller or, better still, by spreadin,
the ink evenly and passing the paper throug]
the press once or twice as if drawing a proof.
The inked sheet is then laid face down on warm
water if gelatine has been employed and cold
if albumen. The gelatine, where light has not
affected it, swells and dissolves, leaving ink
only where light has acted, the parts repre-
senting the dark lines of the original. A spray
with water or even a slight wash with a sponge
makes it ready, after drying, for transferring to
the stone or plate and the quality of the work
will depend on the care given to the preparation
of the transfer.

Photo-lithography is the principle used in
offset printing. ee OFFSET-PrESs under
PrINTING Presses; also PHoro-ENGRAVING.

PHOTOMETER, an instrument intended
to indicate relative quantities of light, as in a
cloudy or bright day, or to enable two light-
giving bodies to be compared. A photometer
in common use was invented by Bunsen; it
consists of a screen of thin paper moistened
with a solution of spermaceti in turpentine,
except a spot in the centre. This screen being
placed on a stand at a fixed distance from a
source of light of constant intensity, the un-
greased spot appears darker than the greased
part. One of the lights to be compared is then
placed in front of the screen and adjusted at a
distance such that the ungreased spot is illumi-
nated as much as the rest of the screen. A
similar experiment being made with the other
light to be compared, the intensities of the two



8 PHOTOMETRY

are to one another in the proportion of the
squares of the distances from the screen at
which the lights must be placed in order to
cause the disappearance of the ungreased spot.
Other photometers depend upon sensitizing'a
paper which is darkened by exposure; and in
variations in the resistance of a selentum cell.
The art of measuring the intensity of a source
of light is termed photometry.

PHOTOMETRY is the art of comparing
the intensity of a source of light with that of
another source which is taken as a standard.
The possibility of making such comparisons de-
pends upon the power of determining by means
of the eye when two neighboring fields of view,
illuminated respectively by the two sources in
question, are equally bright. The sensitiveness
of the eye to inequalities of brightness does not
greatly exceed 1 per cent, even under the best
conditions; and since it fre(}uently falls below
that value from fatigue and trom various other
causes, numerous attempts have been made to
find photometric methods which are independ-
ent of this organ, but thus far without much
success.

Photometers.—Any instrument for the
measurement of the intensity of a source of
light is termed photometer. Since all attempts
to substitute for the eye such instruments as
the thermobile, the bolometer and the selenium
cell have, for the ordinary purposes of photome-
try, led to unsatisfactory results, all existing
photometers which have come into general use
are based upon the above-mentioned power of
the eye. The earliest form, which was orig-
inally described by Bouguer, was invented early
in the 18th century. It consisted of a screen
AB (Fig. 1), illuminated by the sources of light
S and s, the intensities of which were to be
compared. The partition PC prevented the
light of S from fallinq‘ upon BC and that of s
from reaching AC. The distance of the two
sources from the screen was adjusted until the
illumination of AC appeared to the eye to be
equal to that of BC.

Since the illumination produced by a source
of light is inversely as the square of its dis-
tance: I

1

by=Const.—
4
I,

bs= Const.—
d

where d: and d, are the distances of §' and s,
respectively, from the screen, b, and b, the il-
lumination of the screen due to § and s re-
spectively and I, and I, the intensities of the
screens, Since b, =b, we have

I, d}

—

I, d;

An ingenious modification of this instru-
ment, devised by Lambert (1760) and subse-
?ltllently used by Rumford (1794) is known as

e

Shadow Photometer or Rumford Photom-
eter.— In this apparatus an opaque body, usu-
ally an upright rod (R, Fig. 2) is placed in
front of the screen. The surface of the screen
is illuminated by both sources but the two
shadows 4B, CD, are each illuminated by light

from one of the sources exclusively. When
these shadows are equally bright the distances
of § and s from the shadows which they il-
luminate determine the relative intensity o{ the
two_sources.

. Ritchie (1826) introduced a new

into photometry. He placed the two lights to
be compared at the ends of a track or bar along
which a box containing two mirrors MM’ (Fig.
3) could be moved, until the rays from S, re-
flected at M to the left half of the screen 4B
gave an illumjnation equal td that from the
rays from s reflected by M’ to the other half of
the screen. This screen was of some translu-
cent material, usually paper.

Bunsen (1841) substituted for the Ritchie
screen a sheet of unsized paper the central, usu-
ally circular, portion of which had beeh ren-
dered translucent by the application of oil or of
melted parafin. The paper when placed be-
tween two sources of light, the plane of the
paper perpendicular to the incident rays on
either side, affords a very simple and convenient
means of determining when the illumination
from the two sides is equal. When subjected to
unequal illumination from the two sides the
translucent portion of the face toward the
brighter source appears dark, the unoiled por-
tion bright. On the other face the reverse is
true (see Fig. 4). As the paper is moved away
from the brighter source and toward the weaker
an interchange in the appearance of the two sur-
faces occurs and there is a neutral position in
which both appear alike and in which it is
scarcely possible to distinguish the translucent
portions. When this position has been found
the relative intensities of the two sources may
be calculated from the law of inverse squares.
To facilitate the observations the bar or track
upon which the paper screen is mounted is di-
vided into a convenient number of equal parts.

The sheet of paraffined paper, technically
known as the Bunsen disc, is usually mounted
in a wooden box with blackened walls ﬁthe ho-
tometer carriage), which slides or rolls along
the track between the sources of light. Two
small mirrors (M and M’, Fig. 5), mounted
obliquely within the box, enable the operator to
observe simultaneously the two faces of the
paper (0.0.). X

In practice the paper is frequently used with
an unoiled central disc, the remainder of the
surface being rendered translucent bv treatment
with oil or paraffin. To avoid the use of oil
or paraffin which gives a surface which soon
becomes soiled from dust in the air, two similar
paper screens are sometimes employed. Identi-
cal portions, in form either a disc or a star,
are cut out from lthe get':tre of eatc‘h. A stl_]heet
of tissue paper placed between the two then
affords a I:rgnslu;;ent region which takes the
place of the oiled paper of Bunsen's original de-
vice.

The various forms of photometer already
described and all others which depend upon the
power of the eye to detect slight inequalities of
illumination are essentially of equal sensitive-
ness. They are all limited by the sensitiveness
of the eye and approach the maximum degree
of delicacy as we fulfil more and more nearly
the conditions under which the eye can be used
to the best advantage. All forms of the Ritchie
and Bunsen photometers, of each of which many
modifications have been devised, are, however,

rinciple
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subject to a peculiar source of error, It is
found that when two sources of light, the rela-
tive intensities of which are known, are com-
pared by means of such photometers, observers
will persistently set the instrument to a false
position. The majority of observers find
ﬁ:rem equality at a position toward the left-

nd source. e errors which are constant for
a given observer, however great his experience,
range from 1 per cent to 10 per cent. They
appear to be analogous to the errors which oc-
cur when one endeavors to bisect a straight line
by the eye without the use of instruments. The
existence of this personal error has led to the
substitution, whenever extreme precision is de-
sired, of a form of photometer in which only
one eye is used and in which the conditions of
maximum delicacy are more completely met than
in any of the earlier types of instrument.

he photometer in question was invented by

Lummer and Brodhun. In this photometer as
in the instruments of the Ritchie and Bun-
sen s, the two sources of light to be com-
pared are mounted at the end of a graduated
bar or track. Upon this runs the photometer
carriage, the essential features of which are as
follows:

1. An opaque screen (0. O, Fig. 6) upon the
whitened faces of which the light from the two
sources shines; each face of the screen being
illuminated exclusively from one of the sources
of light.

2. The device by which both faces of the
screen can be observed simultaneously without
the use of both eyes. This consists of two
precisely similar mirrors M, M’, mounted facing
each other within a dark box not shown in the
diagram. The diffusely reflected rays from the
screen reach these mirrors at an angle of 45°
and are reflected as shown in the figure. Where
the reflected rays cross each other at an angle of
90 degrees, is placed an ingenious arrangement
technically known as the Lummer-Brodhun
bodi,v, (BDEF) which consists of two right-
angled reflection prisms placed with oblique
faces together so as to form a cube. e face
of one of them is, however, cut away so that
contact occurs only over a small circular space
in the middle of the face. Light from the source
S (Fig. 6) diffusely reflected from the left-hand
face of the screen and received upon the mirror
M, enters the body throuih the face AB. Those
portions of the beam which reach the central
face of contact pass through uninterrupted
while all other portions are intercepted by total
reflection within the prism. Light from s, dif-
fusely reflected from the right-hand face of the
screen, is reflected by the mirror M’ to the face
DE of the body. Those portions which fall up-
cn the central area of contact pass through, but
the surrounding portions are totally reflected
and leave the body in paths parallel to and sur-
rounding the path of the transmitted beam
which has come through the face of contact
from the mirror M. Observations are made by
means of a small telescope T, the field of view
of which consists of a disc of light coming from
S, surrounded by a ring of light from s. If the
illumination of the side of the screen facing s
be brighter than that upon the opposite face of
the screen, which receives its light from S, one
sees a bright disc of light surrounded by a dark
ring. When the position of the photometer car-
riage upon which the screen, mirrors, body and

telescope are mounted is moved to a position
such that the two sides of the screen are equally
illuminated, disc and ring are ‘equally bright.
The distances from the two sources are then
read upon the scale of the photometer bar and
the relative intensities of the sources are com-
puted. The accuracy of this form of photom-
eter depends upon the following conditions:
(1) The opaque screen must stand in the line
joining the two sources of light. (2) Its two
faces must be identical in character both as re-
gards color and power or diffuse reflection.
(3) The mirrors and M’ must be identical
as regards reflecting power and must be sym-
metrically placed. s ) The Lummer-Brodhun
body must be optically perfect so that transmis-
silon through the faces of contact will be com-
ete.

P The construction of the instrument is such as
to permit reversal by revolving the whole appa-
ratus upon a horizontal axis through 180 de-
grees. The face of the screen which previously
was lighted from the source § by means of the
mirror M and the prism ABG now receives its
ight from s and vice versa. Any lack of
uniformity in the two sides of the apparatus is
thus readily detected and can be eliminated.

Standards of Light.— When, owing to the
development of the gas industry, the art of
photometry began to take on commercial im-
portance, it became necessary to have recogn‘ized
standards of comparison. The standard adopted
in France was a vegetable oil lamp with me-
chanical draft burning colza-oil and known
from its inventor as the Carcel lamp. The di-
mensions of the lamp were carefully specified
together with the form and size of the chim-
ney and the amount of oil (42 grams an hour)
to be consumed.

In England the light unit adopted by gas
manufacturers and subsequently legalized by
the board of trade was the light given by a
candle. The British standard candle was made
of spermaceti. It was slightly conical in shapd
for convenience in molding and of such size
(% inch in diameter at the bottom, 10 inches
long and + inch in diameter at the top) as to
consume 120 grains of wax per hour. The
wicks were made of three strands of cotton,
each strand consisting of 18 strands.

In Germany the manufacturers of illuminat-
ing g&s adopted as their standard a candle of

araffin. is candle, which is known as

ereinskerze had a diameter of 22 millimeters.
The wick consisted of 25 strands of cotton.
The height of the flame when burning normally
was 50 millimeters. In Munich the legalized
standard agreed upon between the city and the
gas company was the light from a stearine
candle sligh% conical in form, of a mean
diameter of 20.5 millimeters, the height of the
flame being 56 millimeters,

The practical advantage of the candle as a
light unit, which consists.int the fact that it is
a form of light with which the public is familiar,
led to the introduction in France of a standar
candle known as la bougie de I'étoile. This was
a stearine candle consuming 10 grams an hour.
Its light was apgroximatel equal to 4 of a
carcel. The height of the flame was 52.5 milli-
meters.

Extended studies of the performance of
standard candles and countless attempts to de-
termine the relative intensities of the various
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forms legalized in the different countries have
only served to demonstrate the inadequacy of
this source of light even when prepared with
the utmost care, to serve as a standard in pho-
tometry. Almost the onx advantage such a
unit Possesses is found in the fact that the term
candle-power has a familiar sound to the public.

The range and character of the fluctuations
of the British standard candle may be seen from
the curve in Fig. 7 which is taken from measure-
ments made by Sharp and Turnbull (‘Trans-
actions of the American Institute of Electrical
Engineers,” Vol. 13, pages 145,.1896). The
curve covers a period of 60 minutes during
which the brightness of the candle was observed
at intervals of 30 seconds. It will be seen that
the intensity of the flame is subject to frequent
fluctuations often amounting to more than 10
per cent.

The altogether unsatisfactory performance
of the various forms of standard candle has
led to numerous attempts on the part of pho-
tometrists to find a more reliable standard of
light. A form of standard lamp introduced by

ethven (1878) and consisting of an Argand
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P16. 1.—Bouguer's Photometer.

burner for ordinary illuminating gas with a
metal screen which cuts off all but the central
portion of the flame has been extensively used
in gas photometry. The tests of this standard
have shown, however, that it is subject to vari-
ations but little less than those of the candle,
owing to the variable character of the gas em-
loyed. In 1877 Harcourt introduced a standard
amp in which the petroleum product known as
pentane is the fuef employed. This substance
which is obtained by fractional distillation can-
riot be readily obtained in complete purity, but
the distillate ‘which boils off at 50° C. consists
largely of pentane with a small proportion
of other closely allied hydrocarbons. The
liquid is highly volatile and in the Harcourt
lamp the vapor is ignited at the end of a metal
tube extending about two inches above the
wick. A modified form of the pentane stand-
ard lamp is_extensively used in gas photom-
etry in the United States and is said to give
excellent results.

If a luminous flame is to be the standard it
is essential to find a fuel of known and definite
composition and to devise a lamp which will
insure its combustion under uniform conditions.

Extensive experiments with lamps burning
vegetable and animal oils and wm a variety
of petroleum lamps have only demonstrated the
necessity of a proper fuel

One of the few available fuels of known
chemical composition is amyl acetate. A stand-
ard lamp in which this liquid is used as the
combustible was described by Hefner-Alteneck

F1G. 2.—The Shadow Photometer.

in 1884 (‘Elektrotechnische Zeitschrift,> 1884,
page 20). The performance of this lamp was
so promising that it was, after thorough and
systematic study at the Imperial Physico-Tech-
nical Institute in Charlottenburg, reduced to
standard form. The modified type of amyl-
acetate lamp thus produced has become recog-
nized as the most reliable and desirable form of
primary standard thus far proposed.

The Hefner lamp in the final form given it,
as the result of the experiments made in Char-
lottenburg, consists of a cylindrical body of
brass upon which is mounted the wick tube.
This is a vertical tube of German silver, the
height, diameter and thickness of wall of which
are accurately specified and the dimensions and
details of construction of which must be fol-
lowed with precision if the intensity of the
flame is to agree closely with the standard.

Upon the accuracy with which it is possible to
follow these specifications, in metal working,
the performance of the lamp depends. Lamps

which are faithful copies of those upon which
the original investigations were cirried out
give results far more consistent as to intensity
of light than have been attained with any other
form of standard in which a flame is used, and
it is this complete and accurate reproducibility
which has caused the Hefner lamp to be adopted
as the best available primary standard. The

» )
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F1G. 3.—The Ritchie Photometer.

liﬁht- iving power of the flame of this lamp,
like that of all flames, varies not only with the
composition of the combustible but likewise
with the height of the flame and with the
amount of moisture in the surrounding air.
The relation between flame-height and inten-
sity as determined by Liebenthal to whom our
knowledge of the performance of the Hefner
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lamp is chiefly due, is shown in the following

table: .
Flame heights Intensities

20 mm, 0.38
25 mm. 0.55
30 mm. 0.70
35 mm. 0.85
40 mm. 1.00
45 mm. 1.12
50 mm. 1.25
60 mm. 1.50

To determine the height of the flame a
gauge, which consists of a lens throwing a
magnified image of the tip of the flame upon
a disc of ground glass, is mounted with its axis
40 millimeters above the top of the wick-tube as
shown in Fig. 8. The character of the wick
does not affect appreciably the intensity of the
flame.

A precise relation between the intensity of
the Hefner unit and the various standard can-
dles cannot, owing to the inconstancy of the
latter, be said to exist. Since, however, candle-
power is still the term according to which nearly
all artificial sources of light are rated it has
been found necessary to adopt some definite
ratio. The photometrists of the Physico-Tech-
nical Institute, using numerous data obtained by
various observers, found as a mean value,
1 Vereinskerze=12 Hefners; also 1 Britisk
Standard Candle==-1.14 Hefners, or 1 Hefner
= 877 British Standard Candles. Schiele from
extensive measurements found 1 Hefner=
881 British Standard Candle. It is probable
that the factor .88 gives as fair a ratio rep-
resenting the avera‘fe performance of the candle
as can be obtaine

Another substance of definite composition
the flame from which would be a very desirable
standard of light is acetylene. The advantage
of such a flame over that of the amyl-acetate
lamp, the ruddy color of which makes compari-
sons with the brilliant sources of light used in
modern illumination uncertain, lies in the fact
of its far greater intensity and whiteness. Un-
fortunately acetylene on account of its richness
in ca will burn without smoking only when
mixed, before escaping from the burner, with
a considerable amount of air. In all practicable
forms of acetylene burners thus far devised the
openings for the egress of the gas are very
small. It is on this account difficult to produce
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F1G. 4.—The Bunsen Disc.

burners all of which will give precisely the
same candle-power. Owing likewise to the
minuteness of these apertures the burner is
subject to partial choking by small particles of
lime, etc., deposited from the gas. Thus the
amount of gas flowing under a given pressure
is reduced and what is quite as serious, the pro-
portions of the mixture of acetylene and air
upon which both the brightness and the color
of the flame depend is changed. Because of the
difficulty of burning acetylene under completely

controllable conditions, there is at the present
day no standard burner for use in photometry,
but as a secondary standard, subject to repeated
comparison with some reliable primary source,
the acetylene flame has been found to be of
great value.

Incandescent solids maintained at a constant
temperature by the action of the electric cur-
rent would seem to offer possibilities for the
construction of a light standard free from the
objections to which all standard flames are nec-

P1G. 5.— Mirrors and screen of Bunsen Photometer.

essarily open. Numerous attempts to produce
light standards based upon this principle have
been made; the most noticeable being that of
Violle. Violle’s device consisted of a mass of
platinum brought to its melting point by the
action of the current. He proposed to define
as the standard the light from a square centi-
meter of the surface of the metal at the tem-
perature of solidification. The advantages of
a standard capable of such rigorous definition
was so obvious that the electrical congress as-
sembled at Paris in 1881 appointed a committee
to determine the question of its practicability.
Extended experiments at their hands and on
the part of the members of the Imperial-Tech-
nical Institute in Charlottenburg have unfortu-
nately led to the conclusion that the platinum
standard cannot, with the means ordinarily at
command, be made to give constant results.
In the meantime studies of the performance
of the ordinary incandescent lamp have shown
that we have in it, when properly prepared and.
handled, a source of light better adapted as a
working standard than any other at present
available. The carbon filament heated in vacuo
2{ means of a constant current is subject to
anges of illumination only as the result of the
slow disintegration of the carbon or of gradual
loss of vacuum in the bulb surrounding the fila-
ment. By the use of storage batteries supple-
mented by the regulation of a resistance in the
circuit it 1s possible to maintain the filament of
an incandescent lamp in a state of incandes-
cence, the constancy of which leaves little to be
desired. Given one such lamp, the intensity of
which is known or is arbitrarily taken as the
unit, it is possible to determine the voltage at
which other lamps have the same intensity, so
that it is possible to make copies of the original
which, whenever subjected to current at the
proper voltage, will return to the intensity at
which they were when the comparison was
made. Thus while it is not possible to con-
struct incandescent lamps which shall at a pre-
scribed voltage give a definite illumination, it is
on the other hand possible by comparison of
such lamps with a given standard to find the
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various voltages at which they will have equal
intensities.

The use of the incandescent lamp does not
fully solve the problem of the standardizing of
light sources; for the determination of the lamp
from which the copies are to be made must be
bﬁ' reference to some primary standard such as
the Hefner lamp. Having once adjusted one
incandescent lamp to agreement with the stand-
ard, however, one may make copies of these
which will agree with one another much more
closely than any two Hefner lamps or than a
single Hefner lamp upon successive trials will
agree with itself. If one were to start anew,
with the Hefner lamp as a standard, and make
anotherset of standardized incandescent lamps,
these, though highly uniform, might show no
better agreement with the former set than that
which one can obtain in subsequent trials with
the lamp itself. Such variations of the Hefner
lamp amount to about 2 per cent.

. The province of the art of photometry does
not end with the determination of the intensity

F1G. 6.—Diagram of the Lummer-Brodhun Fhotometer.

of the light sent out in a given direction from
any source. One of its chief purposes is to
enable us to deal definitely and intelligently
with the problems of illumination and these are
complicated by the fact that, in general, sources
of light do not radiate with equal intensity in
all directions. The accepted unit of illumina-

- tion among photometricians on the continent of
Europe is the Jux, which is the illumination re-
ceived from a source of unit intensity at a dis-
tance of one metre. The unit source in this
definition is the Hefner lamp already described,
so placed that the light is received from it in
the horizontal plane. The term bougie-metre
is also used in speaking of this unit of illumina-
tion. The term bougie (or candle) in this defi-
nition is not any of the standard candles al-
ready described but a hypothetical candle equal
to the Hefner. In countries where British
measures are still in vogue a unit of illumina-
tion frequentlv emploved is the candle-foot
which is the illumination afforded by a British
standard candle placed at a distance of one foot
from the illuminated surface.

The distribution of light from the various
sources used in artificial lighting is far from
uniform and it is necessary, therefore, in order
to give a complete description of the lighting
power of any source, to determine the intensi
of the source as viewed from all possible di-
rections. In the case of certain sources of
light such as the incandescent electric lamp this
is easily accomplished by mounting the lamp at

the end of the photometer bar in a holder so
constructed as to permit of rotation about
both a vertical and a horizontal axis without
displacing the centre of the lamp from its po-
sition. In the case of other sources, such as the
arc lamp and most flames, which cannot be
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F1G. 7.— Fluctuations of a British Candle.
tipped from the vertical without modifying the
distribution of light or interfering with the
performance of the lamp, it is necessary to have
recourse to a mirror, placed in the axis of the
photometer bar, by means of which light can
be reflected along the bar. By varying the angle
of the mirror the light can thus be viewed from
any desired direction. Corrections must of
course be made for loss of light at the surface
of the mirror.

The results of the exploration of the field
of light around a given source are usually ex-
pressed by means of curves. The curve showing
the distribution in a horizontal plane is called
the curve of horizontal intensities. The cor-
responding curve for any vertical plane is a
curve of vertical intensities. In Fig. 9 are given
two typical curves of vertical intensities from
measurements of an open-arc lamp without shade.
Fig. 10 is a diagram showing the'illumination of
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F1G. 8.— Wick tube, lame and gauge of the Hefner Lamp.

the ground at different angles when such a lamp
is used in street lighting. When the curve of
horizontal intensities is a circle, a single curve
of vertical intensities suffices to completely de-
scribe the performance of the source of light;
when, however, as is usually the case, the curve
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of horizontal intensities is not a circle, the curve
of vertical intensities will vary in form as the
vertical plane to which the curve applies is
revolved about a vertical axis through the cen-
tre of the source of light. The average inten-
sity of a source of light viewed in the horizontal
lane is called the mean horizontal intensity.

e average intensity, taking into consideration
every possible point of view, is called the mean
spherical intensity of the source,

The rigorous determination of either of these
quantities in the case of unsymmetrical sources
would take an infinite number of readings. In
the case of the incandescent lamp, which will
permit of such treatment, it is, however, pos-
sible to obtain the mean horizontal intensity by
rotating the lamp upon its vertical axis at the
end of the photometer bar. Measurements
made upon the lamp revolving thus at a speed
of several revolutions per second are found to
agree well with the mean horizontal intensity
as determined by plotting a series of readings
taken from different positions at a horizontal
plane with the lamp at rest, and integrating the
curve thus obtained. The approximate deter-
mination of mean spherical intensities of non-
symmetrical sources such as the arc lamp, when
made with the ordinary photometer and mirror,
involves the taking of many individual read-
ings. In the Franklin Institute tests, made at
the Electrical Exhibition in Philadelphia in 1885,
65 measurements were made in each determina-
tion and these were combined in computing
the main spherical intensity. These readings
were made from 38 directions distributed as
evenly as possible around a sphere of which
the light was the centre. To avoid this labori-
ous process numerous special forms of photom-
eter have been devised of which the most
successful is that invented by Matthews and
used in the extensive studies of the arc light
recently carried on under the auspices of the
National Electric Light Association. In this
instrument which is known as Matthews’ inte-
grating photometer 24 large mirrors are ar-
ranged around the source, the mean spherical
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P1G. 9.—Curves of vertical intensities (open-arc lamp).

intensity of which is to be determined, in such
a way as to produce upon the photometer screen
an illumination proportional to the mean
spherical intensity. The adjustment of these
mirrors is such as to direct simultaneously to-
ward the photometer the beams of light which
the eye of an observer would receive if he
were to view the source successively at angular
intervals of 15 degrees in a vertical plane. The
intensity of the light received in these various
directions must further be reduced in the ratio
of the sine of the angle between the direction
of view and the vertical, and this is.done by
the interposition of glasses which are smoked
until they transmit the desired proportion of

the light falling upon them. With this instru-
ment the photometer gives by a single reading
a value proportional to the mean spherical in-
tensity of the source.

ILLUMINATION 1N BOVEIS - ASYARS

F1G 10.— Illumination from an open-arc street lamp,

For the application of photometry to astron-
omy, see STArs. For the application of the
Selenium cell of photometry, see SELENIUM.
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of Illumination.” Consult also the reports of the
committee on photometry in the ‘Proceedings’
of the National Electric Light Association;
various papers in the ¢Transactions’ of the
American Institute of Electrical Engineers, in
(La Lumiére Electrique,’ in the Elektrotech-
nische Zeitschrift,” and in Schilling’s Journal
fiir Gas- und Wasserversorgung.

Epwarp L. NicHoLs,
Professor of Physics, Cornell University.

PHOTOMICROGRAPH. A photomicro-
graph is a photograph of a microscopically
small object. The term microphotograph is
sometimes used, but is very inaccurate, and
should be used only to designate a ve:hy small
photograph; eg., a photograph an eighth of an
inch square of the Niagara Falls is a micro-
photograph. Simple photomicrogra})bs may be
made without any expensive special apparatus.
A microscope and any camera with a ground
flass for focusing will suffice. The lens, or
enses, but not the shutter, are removed from
the camera; the eyepiece is removed from the
microscope, which is placed in a horizontal posi-
tion. The eyepiece end of the microscope tube
is now inserted a little into the lens barrel .of
the camera and a black cloth is wound around
the place where they come together in order to
exclude the light.- The tube of the microscope
should be exactly perpendicular to the ground
glass of the camera. Any strong light may be
used, as direct sunlight, a gas mantle lamp,
an acetylene lamp, a kerosene lamp, or an elec-
tric arc; but ordinary incandescent bulbs are
not satisfactory. Remove the mirror of the
microscope, since it will not be needed in any
photomicrographic work, and let the light come
directly into the optical axis of the microscope.
If the illumination of the ground glass is un-
even and shows a %flare spot”® look at the
inside of the tube of the microscope. Probably
it was not blackened. Put a black paper inside the
tube. Modern microscopes are well blackened
inside, Move the light back and forth and
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sidewise until the best illumination is secured.
About six inches from the stage is likely to be
a good position.

Suppose we are to photograph a transverse
section of a vascular bundle, using a two-
third-inch = (16-millimeter) objective.  With
such a low power lens and with all lenses of
longer focus, the condenser in the microscope
is not only unnecessary but it interferes with
good work. Remove it. However, the con-
denser should be used with objective of one-
third inch (eight millimeters) focus and with
all objectives of shorter focus. Carefully focus
the object upon the ground glass. The ground
side of the glass should be next to the micro-
scope. After a sharp focus has been obtained,
close the shutter of the camera and insert a
plate, just as in ordinary photography. The
time of exposure will depencf upon the intensity
of the light, the speed of the plate and the
magnification. Small negatives may be made
from lantern slide plates, es ecially when a
contrasty negative is dcsired‘.) With a gas
mantle lamp, a lantern slide plate and a 16-
millimcter objective used without an ocular or
condenser, try an exposure of 30 seconds. Un-
til one becomes proficient in estimating expos-
ures, it is a good plan to expose 10 seconds;
then close the shutter and push in the slide of
the plate holder just an inch; then expose 10
seconds, close the shutter and push in the slide
another inch; then repeat twice more and you
will have exposures of 10, 20, 30 and 40 seconds
on one plate. It is easy to determine which is
the best exposure and only one plate is sacri-
ficed. A print on printing-out paper from such
a negative is very instructive, since it shows
the comparative merits of negatives of vari-
ous densities. A filter, such as is used in out-
of-door photography, is likely to improve the
negative. Experts use filters of various colors,
according to objects and the features which are
to be emphasized. The developing is the same
as in case of lantern slides (q.v.), or as in case
of ordinary photography, if a fast or medium
plate is used. With higher powers, use the con-
denser and, if necessary, the ocular. If much
work is to be done, the need for a solid sup-
port for both camera and microscope will be
realized. A simple contrivance which any one
can make for himself is illustrated in Fig. 1.
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Use a clear board an inch thick, a foot wide
and five feet long. On top of the board, at
the sides, screw two strips, an inch thick, one
and one-half inches wide and five feet long,
so as to form a guideway for the camera. A
long slit, one-quarter inch wide, should be made
to accommodate the screw which is ordinarily
used to fasten the camera to a tripod. If the
same camera is to be used for all work, the
space between the two long strips should be

just wide enough to admit the camera. A
strip of wood one-half inch thick, an inch wide
and five inches long, placed over the horse-shoe
base of the microscope and held in place by a
bolt put through the long slit, will hold the
microscope in position.

For the finest class of work, especially where
ve? high magnifications are desired, elaborate
and expensive apparatus is very convenient. In
these elaborate forms, experts do not always
use the same arrangement. The relative posi-
tions of the various parts, as shown in Fig. 2,
is very effective.

Ground Glass
Camera Bellows
Shutter
Microscope
Abbe Condenser
Filter
Diaphragm
Condenser
Cooler
Condenser

t

Filter

Lj

F1G. 2.—-Relative positions of the various points,

Consult Chamberlain, C. J., ‘Methods in
Plant Histology’; Walmsley, W. H.,, ‘The A.
B. C. of Photomicrography’’; Wratten, Photo-
micrography’ (Eastman lgodak Co.).

CHARLES J. CHAMBERLAIN.

PHOTOPHONE, the name given an ap-
paratus for transmitting articulate speech to a
distance along a beam of light. It was first de-
scribed in lg&) by Alexander Graham Bell,
known in connection with the telephone, at the
Boston meeting of the American Association;
but already in 1878 its inventor had announced
the possibility of “hearing a shadow® by means
of a similar agency. It has never been com-.
mercially introduced. The success of the photo-
phone depends on the peculiarities of the metal
selenium. Crystalline selenium offers a high
degree of resistance to the passage of an elec-
tric current; it is eminently sensitive to light ;
and the resistance is less when exposed to light
than in the dark, being in some cases only a
15th in the light of what it is in the dark. Pro-
fessor Bell, his friends and assistants devised
some 50 forms of apparatus, for so varying the
transmission of light to prepared selenium as to
produce audible sound. In the photophone
found most serviceable the transmitter is a
plane mirror of silvered microscope glass or
thin mica; the receiver, fixed at a distance with-
out any connection, is a_parabolic reflecting
mirror, in the focus of which is _placed a sensi-
tive selenium “cell,” connected in local circuit
with a battery and telephone. When the appa-
ratus is used, a strong beam of light is con-
centrated by a lens in the plane mirror; the
speaker directs his voice against the back of
this mirror, which is thrown into vibrations
corresponding with those of the voice. The
reflected beam of light, to which corresponding
vibrations are also communicated, is directed
through a lens to the receiving mirror, and
creates in the selenium cell a rapidly variable
current, which at the end of the telephone at-
tached becomes audible again as vocal sound.
When first described, the photophone had been
used effectively with a distance of 230 yards
hetween transmitter and receiver. The rays of
the oxyhydrogen light, or of an ordinary kero-
sene lamp, suffice for transmitting articulate
speech. The loudest sounds obtained from the
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photophone were produced by mcans of a per-
forated disc, noiselessly revolving so as rapidly
to interrupt the light in transmission. It was
also found that a very audible sound could be
procured from the selenium without the aid
of telephone and battery. A beam of intermit-
tent light will produce a strong musical note
from the selenium. Further experiment showed
that selenium is not the only substance thus sen-
sitive to light. Still louder sounds than these
obtained from the selenium directly, though not
articulate, were got from diaphragms of hard
india-rubber and of antimony; and sounds of
varying intensity were given out by many other
substances, including gold, silver, platinum, cop-
per, zinc, lead, paper, parchment and wood.
Consult Bell, ‘The Photophone’> (1878). Sece
SELENIUM.

PHOTOPLAY, the technical name given
to a moving-picture which presents a complete
drama. The conditions under which a moving-
picture is made and exhibited place the photo-
play in a distinct class by itsclf. It cannot, like
the novel, short story, or the regular theatrical
play depend upon language to explain situations
or to express thoughts and emotions. Its sole
medium of expression is self-explanatory ac-
tion. The photoplay diiters from other mov-
ing-pictures in that 1t has a dcfinite plot, which
is worked out by a scrics of dramatic scencs.
There is no limit to the number of these sepa-
rate scenes; they may run up to 40 or 50, if
necessary to round out the story. Nor are there
any bounds within which the plot action shall
move forward. The ability to join into one
picture films made at the opposite ends of the
earth, if desired, give the widest latitude to the
inventive faculties of the author. In these pe-
culiarities the photoplay leans more toward the
plan of the novel than to the theatre play pre-
sented in three or four acts, and within the con-
fines of the stage. The scenes in which the
photoplay is presented are not required to
progress consecutively as to time of happening:
it is entirely permissible for the action to “cut
back® as in the novel, to take up a parallel
sequence of events needed to bring the action
to a climax.

The climination of the spoken language
normal to the stage play and such a large auxil-
iary in the development of the story in the
novel, necessarily shortens the time required
to present a photoplay covering the same re-
cital. Thus a play which would consume per-
haps threc hours on the stage, stripped to its
physical action only may be shown as a photo-

play in the course of 20 minutes. One of
the results of this condensation is to give the
photoplay a peculiar hurried effect. here is

entire absence of repose, so indispensable in a
stage pla{‘ or novel as a foil to even the minor
action. he consequence of these limitations
is to place the photoplay on so high a plane
of intensity that all action is exaggerated far
beyond the normal. This apparent haste in the
action is enhanced by the characteristic focal
expression of the photographic lens, with its
distorted perspective — distorted as compared
with the elastic vision of the human eye. The
difficulties for both author and audience are
mutually recognized, and certain auxiliary de-
vices for helping the presentation along are ac-
cepted as conventional. The use of some lan-

guage is permissible in the line of subtitles,
leaders or captions, as they ate variously called.
When skilfully composed they not only intro-
duce the scene about to come on the screenm,
but link it with the action of the scene just
halted. “Inserts® are bits of language of a’
different sort, arranged as a part of the plot
action —as, for instance, the display on the
screen of a letter, telegram, or scrap of news-
paper, that the spectators may read, each for
himself. These adjuncts however, are to be
avoided, and wherever possible substituted by
action which will suggest, if not actually depict,
the progress of the plot.

The conventional measure of length of a
photoplay is the “reel® This is a strip of film
1,000 fect long, and requiring about 20 minutes
for its display on the screen. A photoplay may
be a one-reel play, or two-reel play, or longer;
or it may be less than one reef in which case
it is termed a “split-reel” Photoplay writers
usually endeavor to adapt their productions to
these conventional limits without unduly ex-
panding, or “padding® the manuscript of the
play, or, on the other hand, skimping the scenes,
leaders, inserts, etc., so that the plot is not
clearly worked out. In the one-reel photoplay
there should be about 20 scenes, averaging one
minute each upon the screen; and five or six
leaders and inserts combined for this length of
film is regarded as very good work.

The production of a photoplay requires the
perfect collaboration of several highly skilled
specialists. The author devises his plot and to
a large degree the scenes which shall express it.
His manuscript is submitted to the photoplay
editor, who passes on the availability of the
story for photoplay presentation. He may re-
ject it altogcther, return it to the writer with
suggestions for amendment, or, if the subject
appeals to him as worthy, may make the emen-
dations himself. In the larger establishments
the editor has a corps of readers to assist him
in winnowing the great mass of manuscripts
submitted by would-be photoplaywrights. For
every manuscript accepted more than 700 are
rejected as unsuitable. The accepted photo-
play goes to the director of the establishment.
His is perhaps the most vital part of all, as
it is his task to make real what the author and
editor have imagined. He decides upon the
make-up of the scenes, what scenery is to be
used, or perhaps made especially, what setting,
the actors who are to take part, the clothes
they are to wear, their appearances and posi-
tions on the stage, the conduct of rehearsals, and
the ultimate direction of the actual production
of the play before the camera. The camera
man’s work is largely mechanical, but calls for
extreme accuracy. The exposure being made,
the film goes to the developing room where the
negative made in the camera is developed, and
a positive such as is used for projection upon
the screen is printed from it. ghen comes the
“ry-out,” when the complete film is exhibited
on a screen for the judgment of an exceedingly
critical jury, made up of the editor, the direc-
tor, the actors, the camera men, and every one
else who has had a responsible part in the pro-
duction. Some of the scenes may prove to be
inadequate, and may have to be done over again
— or possibly omitted altogether. Perhaps the
whole play will be rejected as not up to the:
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standard of the firm which must stand sponsor
for it in the film market. The editor and di-
rector then decide as to the inserts actually
needed to give the utmost finish to the play,
and these are made by the photographic sta
put into their proper places in the negative, an
the whole cemented into one continuous strip.
When this is finally satisfactory, many copies
are made and distributed by the business de-
Eartment of the producing company to the ex-

ibiting houses all over the country, and in
foreign lands as well. So that no one locality
may have an advantage over another in point
of time on any given picture-play, it is custom-
ary for the manufacturer to place a ®release
date® on the film, before which time it may not
be shown.

The studios of the larger photoplay com-
panies are marvels of scientific adaptations of
means to end. Some of them are enclosed with

lass and the scenes photographed in daylight.

thers are fitted witﬁ electric lights of great
power, which can be grouped for any desired
effect of lighting. For small scenes the actual
space within which the play is enacted may not
be more than 8 or 10 feet wide and about 6
feet in depth. In a large studio, 50 to 60 feet
long. it is not uncommon to have three or four
scenes in action at one time, each attended by

. its own director and camera man.

In these establishments a permanent com-
pany of actors is in constant attendance, and
each studio has its list of special actors who
can be called on at any time for special service.
A staff of artists and mechanics — carpenters,
masons, smiths and scene painters, is also a
permanent part of the personnel; the prepara-
tion of the scenery for a single 20-minute play
occupying the time of several men perhaps for
three or four weeks. In the pro?crty room of
such a studio is gathered a collection of the
oddest description, ranging from the primitive
bow and arrow of the aboriginal Indian to a
modern quick-firer; from the New England
wheelbarrow to an oldtime %prairie schooner®;
the dobe hut of the Mexican, and the rose-cov-
ered porch of an old Virginia mansion — any-
thing and everything which may. add impressive
reality to the detail of any possible story. In
the costume room are literally thousands of
garments of «every age and nationality. Some
studios, in addition to all these, support exten-
sive stables to provide horses of certain re-
quired training, beside cattle and other lesser
livestock called for by the play approved by the
editor.

Mention has been made of the very large
proportion of photoplay manuscripts rejected by
readers and editors as compared with the very
few accepted. Scores of books have been pub-
lished to aid those who have the ambition to
write photoplays, but beside the masterv of the
technique of expression peculiar to the photo-
play, a genuine gift for story-telling is a sine qua
non of the successful writer’s equipment. The
great difficulty of getting really good plays which
are new as well as effective on the screen has
led the large film companies to employ a regular
staff of skilled writers to produce the bulk
of the plays eventually exhibited, the small sup-
ply received from the outside public being unde-

ndable when compared with the constant and
importunate demand of the trade — amounting

to an aggregate of 5,000 to 6,000 new plays
annually. he literature of all countries is
searched by staffs of translators for plots which,
though not new, may be at least made to ap-
q_ea.r so by presenting them in varied settings.
his matter of changing the setting of an origi-
nal story has developed business enterprises of
great complexity. Some of the larger photo-
play makers have traveling companies of actors
who wander about the earth enacting the scenes
of plays to which they are assigned —in the
Western Plains, in the iun‘g}es of the tropics,
among the palms of the West Indies, beside
the tgyrarmd_s of Egypt, in the white snowficlds
of the Arctic, or within the hallowed precincts
of the Holy Land. The same plot worked out
in such widely varying environments, with ap-
propriate costumes ang with characteristic per-
sonnel, will give a whole series of plays hardly
to be recognized by the ordinary photoplay
audiences as being of even remote relationship.
A more intimate knowledge of the subject
will require the concentrated study of the very
extensive literature of the photoplay, of which
only a few titles may be mentioned in this
article. See also MoviNG PICTURES, for descrip-
tion of the instruments and processes used in
making and exhibiting the films.
Bibliography.— Consult Bernique, J., ‘Mo-
tion Picture Acting for Professionals and Ama-
teurs’ (Chicago 1916) ; Croy, H., ‘How Motion
Pictures are Made’ (New York 1918) ; Dimick,
H. J., ‘Photoplay Making’> (Ridgewood, N. J.,
1915) ; Esenwein, J. B. and Leeds, A., ‘Writing
the Photoplay’ (Springfield, Mass., 1913);
Freeburg, V. O., ‘The Art of Photoplay Mak-
msg’ (New York 1918); Harrison, L. R,
(Screencraft> (New York 1916); Lomas, H.
M. (Picture-Play Photography’ (London
1914) ; Muensterberg, H., ‘The Photoplay: A
Psychological Study’> (New York 1916); Nel-
son, J. A, ¢The Photoplz}%’ (Los Angeles
1913) ; Phillips, A., ‘The Photodrama’
(Larchmont, N. Y. 1914); Sargent, E. W.,
;;I;e})c)hnique of the Photoplay> (New York

PHOTO-SCULPTURE, a novel process
used by sculptors for producing statucttes by
the aid of photography. It was invented by M.
Villéme, a French sculptor. The model stands
in a studio of special construction, in the centre
of a circle of 24 cameras, by all of which he is
photographed at the same moment. The 24
negatives are then projected in succession on a
screen by means of an optical lantern and the
artist goes over the outline of cach with the
tracer of a pantograph, a cutting tool acting
upon a lump of modeling clay, mounted upon a
turn-table, being substituted for the usual pencil.
After each photograph is gone over, the clay
is turned through 15°, and after a complete
revolution it is removed and finished by hand.

. PHOTOSPHERE, in astronomy, the lu-
minous envelope, supposed to consist of in-
gandescent matter, surrounding the sun. See

UN.

PHOTOSYNTHESIS, the synthesis of
chemical compounds by the action of light. The
broader subject of photochemistry includes all
chemical reactions that are induced or main-
tained by the action of light, whether they result
in true synthesis or not; but photosynthesis, in
the strict sense, is a constructive process, re-
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sulting in the production of substances that are
higher in type than the materials from which
they are formed, by reason of possessing a
more complicated structure or of containing a
greater quantity of energy per unit of weight.
Photochemical processes occur .in inorganic
nature and also in the animal world (notably in
the retina of the eye); but the most important
case of photosynthesis consists in the formation
of starch and other related compounds, from
carbon dioxide and water, in the green leaves
of plants,

ight cannot produce chemical changes un-
less it is absorbed. This rather evident fact
was first distinctly recognized by Grotthus in
1819, and is usually known as “Grotthus’ law,”
but it was also independently stated by Draper
in 1841, and from this circumstance it is some-
times called *Draper’s law.? It does not follow,
however, that chemical change will result merely
because light is absorbed, and substances that
show well-defined absorption bands in the
spectrum may not be affected by light in the
least degree so far as sensible changes in their
chemical properties are concerned. Light-energy
that is absorbed without producing chemical
effects is doubtless transformed into simple
heat-energy, which merely causes the absorbing
substance to become warmer. In order to pro-
duce chemical action the light must apparently
excite some special resonant mechanism in the
molecule, and certain additional conditions at
present unknown must doubtless be fulfilled also
i connection with the chemical potentials of the
absorbing substance and the other substances
that might conceivably be produced from it.
Light is an exceedingly rapid periodic disturb-
ance of the ether that fills space and pene-
trates between the ultimate particles of which
matter is composed; and when a substance
undergoes chemical modification in consequence
of being subjected to the action of light, it is
probable that some part of the molecular mech-
anism of the substance has a vibration period
equal to that of the light that produces the
change. en bodies or systems that are large
enough to be dealt with individually and which
are capable of vibrating or oscillating in certain
definite periods are subjected to a disturbance
of external origin having this same periodicity,
we know that their motions may undergo
marked and important changes, and we can
hardly doubt that the same thing is true of the
molecular systems. A homely illustration of
the absorption of vibratory energy in this way
may be had by singing a loud note into a piano.
Certain of the strings of the instrument—
namely, those that are capable of vibrating with
the same frequency as the air waves constituting
the tone that is sung—are set in motion, and
if the singing is abruptly stopped these par-
ticular strings give out a faint sound of the
same pitch, thereby proving that they have
absorbed vibratory energy from the air. When
light penetrates a substance that is capable of
having photochemical changes induced in it,
energy is absorbed by the molecules or atoms
of the substance in a presumably similar way,
and it is this absorbed energy that brings about
the change. This much appears fairly evident,
though we do not know the precise mechanism
by which the result is accomplished. In some
cases in which an effect of this kind occurs the
molecules may be merely shaken apart, with
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the consequent formation of new compounds of
a_simpler nature; and when this occurs the
disruption may be attended by the liberation
of energy, so that the final products contain
less encrgy, on the whole, than the parent sub-
stance from which they were produced. Other
compounds, more stably constituted or more
cfficiently absorptive, may be able to store up
the vibratory energy of the light until they
become capable of entering into combinations
of a higher type, and in a case of this kind
we should have a true photosynthesis.

Inasmuch as light must be absorbed in order
to give rise to photochemical action, we find that
such action is characterized by high absorption
power on the part of the substance that under-

oes the chemical transformation. If all the
incident light were absorbed the substance
would reflect nothing and would, therefore,
appear black. If the absorption were only par-
tial and if it took place in such a way that the
absorbed energy conmstituted the same fraction
of the incident white light at every wave-length,
then the reflected light would contain all the
colors that exist in sunlight and in the same
proportion in which these colors must be present
to produce the sensation of whiteness; and
hence in this case the substance would appear
white or gray. In the actual case as we find
it in nature, the incident light is only partially
absorbed, but the absorption is quite marked
(and may even be almost complete) between
certain wave-lengths, while in other parts of the
spectrum there is little or no absorption. The
absorbing substance, therefore, appears colared,
since it absorbs certain wave-lengths with
marked efficiency and gives off the others by re-
flection. In studying the absorption of light
scientifically the spectroscope is employed, and
the particular wave-lengths that are absorbed
are determined by allowing the spectrum to fall
upon a uniformly thick layer of the substance
under investigation and examining the trans-
mitted light to see what particular colors have
been abscrbed — absorption being indicated by
the presence of dark bands (or “abscrption
bands”) in the spectrum of the light that has
passed through the test layer. in the case of
the green coloring matter of plant leaves, the
absorption band that corresponds to the photo-
synthetic activity is in the red part of the
spectrum, -

It is not possible to determine with precision
the efficienc; w}‘th which the absorbed vibratory
energy of the light is converted into potential
chemical encrgy in the leaf of a growing plant,
but it is known that this efficiency is quite
high. According to the best available estimates
it may range from 40 per cent upward, and
some authorities have even estimated it at 98
per cent in special cases. .

-The synthesis of highly organized com-
pounds from carbon dioxide and water is per-
formed by living organisms in various ways.
Certain of the bacteria, for example, perform
syntheses of this kind by utilizing the energy
obtained by the simultaneous oxidation of hy-
drogen or other substances that may be present.

-Most of the plant life of the world, however,

depends upon photosynthesis, effected throu

.the agency of the green “chlorophyll® that the

leaves contain. The coloring matter extracted
from green leaves contains four recognizably
distinct constituents — two of which are green
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and two yellow. The green substances appear
to be the ones that effect the photosynthesis.
One of them (“a-chlorophyll®) is bluish green
in color and the other (%b-chlorophyll?) is
yellowish-green, and appears to be an oxide of
a-chlorophyll. These constituents are probably
identical in all plants, and they contain mag-
nesium and nitrogen, but no phosphorus or
iron. The yellow pigments that are present in
the leaves are carotin (CwHw) and its oxide
xanthophyll (CwHwQO:). Carotin is identical
with the “lutein® that occurs in the corpora
lutea of mammals, and xanthophyll is isomeric
with the “lutein® of fowl’s eggs. The view that
xanthophyll is related to cholesterol is now
known to be erroneous. Carotin may perh::ips
assist in the decomposition of carbon dioxide.

There is a close and suggestive structural
similarity between chlorophyll and the hazmo-
globin of the human blood, and this fact may
lead to a further understanding of the way in
which chlorophyll acts. We do not yet know
how it affects the synthesis of starch and sugar
from carbon dioxide and water. In the living
leaf the chlorophyll occurs in the form of con-
centrated layers upon (or near) the surfaces
of certain tiny structural granules called
%chloroplasts,® which appear to perform an
important function of some kind or other. It
has been shown, for example, that when a
seedling is grown in the dark and subsequently
placed in the light it does not necessarily pos-
sess photosynthetic power as soon as chloro-
phyll appears in it; and this shows that other
elements, structural or chemical, are needed be-
fore photosynthesis can occur. It is also inter-
esting to note that a mere trace of chloroform
vapor in the air stops photosynthetic activity,
even in a healthy and vigorous leaf.

The fascinating suggestion has been made
that formaldehyde is first formed in the lcaf in
accordance with the simple equation CO:+
H.0 =CH,0 + 0.. If it could be demonstrated
that this action really occurs, we should prob-
ably be justified in the expectation that the
mysteries of the green leaf will soon be cleared
up. Formaldehyde easily polymerizes with the
formation of higher compounds, and there
would not be any great difficulty, apparently, in
accounting for the formation of starch, sugar
and other related substances after formaldehyde
had once been obtained. The fact that for-
maldehyde has a strong toxic effect on living
matter would not necessarily constitute an ob-
jection to the theory, because the formaldehyde
might become polymerized, in the growing leaf,
almost as rapidly as it was formed, so that it
would never be present in sufficient quantity to
exert a harmful influence. Considerable doubt
has been thrown upon the formaldehyde hy-
pothesis by the work of Schryver, Wager and
Warner, who find that although an aldehyde of
some kind appears to be formed in the leaf, it
probably is not formaldehyde. Moreover, the
presence of carbon dioxide is not essential to its
production.

The carbon dioxide absorbed by the leaf
may combine, first, with the chlerophyll and
then split off in a different form, but we have
no proof as yet that an action of this kind
occurs.

For a good general discussion of the known
facts concerning photosynthesis consult Bay-

liss, ‘Principles of General Physiology.” For

detailed data regarding the composition and

constitution of chlorophyll consult Stewart, A.

W., ‘Recent Advances in Organic Chemistry.’
. ALLAN D. RISTEEN.

PHOTOTHERAPY, the treatment of dis-
ease by light — sunlight and electric light (For
treatment by the Roentgen ray or X-ray, see
RADIOTHERAPY).

From the very earliest times sunlight has
been considered an important aid in the pres-
ervation of health. The ancient Greeks and
Romans exposed their naked bodies to the sun
in the open air to recruit mental and physical
energies, and built balconies or terraces (so-
Iaria? on the roofs or southern walls of their
dwellings, so that the occupants could sun
themselves. Exposure to the sun’s rays was
also adopted by the physicians of those times
as a remedy for many affections, “especially
dropsy, inflammation of the kidneys, and paral-
ysis.” Celsus, the Latin writer, recommended
for those with weak digestion a house *well
lighted, having the winter sun”; but while he
and Galen advocated sunlight as a remedial
agent they pointed out the evils resulting from
excessive insolation. Much has been writtea
within the last century on the remedial value
of sunlight. In 1815 lgauvin presented a thesis
%n the benefits of insolation”; prior to 1820
Ebernier, Girard and others discussed the ef-
fects of sunlight on animal life; and in 1847
Richter, at Gottingen, wrote on %insolation, or
the power of the sun on the human body.” 1In
1848 Perreira spoke of solar light as a %vivify-
ing and vital stimulus,” adding: “In maladies
characterized by imperfect nutrition and san-
guinification, as scrofula, rickets and anzmia,
and in weakly subjects with cedematous limbs,
free exposure to solar light is sometimes at-
tended with the happiest results.”

The importance of light for healthy growth
and development has been recognized by san-
itarians for many years. Solaria or sun-rooms
are a part of some modern hospitals. Houses
and rooms receiving little or no sunlight are
unhealthful. In a military barrack at Saint
Petersburg the mortality was three times
greater on the dark than on the light side of
the building. Animals and plants living in the
dark become bleached, as is celery. Clinical
observations show that a want of sunlight pro-
duces depression of spirit, lack of energy, loss
of appetite, disturbance of digestion, turbid
urine and a kind of homesickness. The face
becomes pale (etiolation), the blood is thin, the
red corpuscles are diminished, pulse is frequent
and weak, palpitations of the heart occur on
the slightest exertion, there is muscular debility,
little recuperative power, and an increased sus-
ceptibility to contagious diseases, .

Interesting experiments and observations
have been made as to light, by Becklard,
Becquerel, Draper, Edwards, Gardner, Hunt,
Landgrebe, Hammond and others; but, as one
of the writers observes, we do not know w!lat
is the exact effect produced by light. Does it,»
he inquires, ®act directly, or is its only effect
to modify the intensity of certain functions,
such as respiration?” Later Edward Smith
proved that ljght is a powerful stimulus to
respiration, thay “under the influence of day-
light one-thirg more atmospheric air enters the
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lungs than under darkness or even under ex-
posure to artificial lignt.® Hence the vigor of
the “ruddy, healthy peasant who retires to rest
with his cattle and is up with the lark® is be-
lieved to be mainly due to the thorough oxy-
genation and subsequent reddening of the blood
by much contact with oxygen in the light and
air of the day. Where direct sunlight cannot
be obtained in rooms, reflected sunlight by
means of mirrors has been found serviceable,
in the maintenance of health. A room with a
southern exposure is desirable. Sternberg and
others have shown that bright sunlight, inde-
gendent_ly of the heat t}?f the sun, is germicidal,
estroying various pathogenic organisms, some-
times within a single hour. Sunlight is thus
an important disinfectant. The sterilizing in-
fluence of light in the purification of water and
sewage has been repeatedly proved (see STEwr-
Li1zaTION). But the fact that the germicidal
property of light chiefly d ds on its blue and
violet rays was proved by Finsen near the close
of the 19th century. It has been recently stated
that the strongest sunlight has too feeble bac-
tericidal properties for therapeutic purposes;
for example, it does not kill basterial skin-dis-
case in the summer; but a concentrated focused
light, transmitting as many blue, violet and
ultra-violet rays as possible, such as the con-
centrated electric light of Finsen, is necessary.
This light kills bacteria in a few seconds when
spread on a thin film of agar. But Angell in
1878 had reported cases of acne speedily cured
Shy exposure to direct and entire sunlight.®
Light has long been considered a complex
agent. It has been known that the sunbeam is
resolvable into rays of various colors (violet,
indigo, blue, yellow, green, orange, red), which
embody luminosity, heat and actinism, the
chemical propcr;y of light. It was known that
the red rays of the spectroscope were heat-
rays; that the rays toward the violet side were
actinic or chemical; that luminosity was strong-
est in the orange and yellow rays. Later it
was discovered that there are invisible heat-
rays beyond the red, and actinic rays beyond
the violet, and these were called ultra-violet.
About 1845 Gardner and R. Hunt experimented
with the rays separated by a prism, and ascer-
tained some interesting facts as to the effects
of blue, yellow and violet rays upon vegetation,
Ponza, an Italian physician, found blue and vio-
let light to be soothing to the insane. Gen.
Alfred Pleasanton, in his advocacy of blue
light as an invigorator, claimed too much for it,
and the “blue-grass® craze died out. Most
physicians believed that treatment by isolated
rays of light did not possess “very essential
therapeutic value® A few clung to the idea
that if the excess of heat and light could be
climinated the actinic rays might be of value.
It was reserved for Niles R. Finsen, a physi-
cian of Copenhagen, in 1895, to utilize scientifi-
cally the constituent or spectroscopic elements
of X?ht as therapeutic agents. In 1832 Pictou
of New Orleans published a pamphlet proving
that the absence of light would prevent sup-
puration and pitting (scarring) i1n smallpox,
and recommended that the eruption should be
protected from air and light. Finsen, by nu-
merous experiments on worms and insects, con-
vinced himself that under red light they were
comfortable, and under_blue light were irri-
tated. Then reading Pictou’s pamphlet, he

inferred and advised that kc:epit;ﬁi smallpox
patients in a red light would be as efficacious as
darkness in preventing pock-marks by exclud-
ing -the irritating actinic rays, If the skin is
protected against the chemical rays inflamma-
tion will diminish and suppuration be prevented.
In August 1893 Svendson in Norway and in
November 1893 Benckert in Sweden used the
red-light treatment with smallpox patients, and
found that suppuration was abolished, scars
were rare and insignificant and the disease was
shortened. Even a very little daylight admitted
to the room did harm, so sensitive was the
inflamed skin to the actinic rays. In mild
cases a clear red light was found sufficient; in
severe cases a deep red light was necessary.
Having proved that red light was inimical to

e germs of smallpox and other eruptive dis-
eases, Finsen turned his attention to the effect
of decomposed light on other germ-diseases,
especially lupus. He proved (1) that the bac-
tericidal action of light is practically limited to
the blue, violet and ultra-violet rays, and is
greatly intensified by concentrating tﬂe rays by
means of a suitable apparatus; (2) that the
actinic rays so concentrated will penetrate the
skin to a small degree and will go deeper if
the red blood be pressed out of it — hence they
would be of value in superficial cancer, baldness
of microbic origin, acne, etc.;  (3) that they
have power to produce inflammation of the
skin (erythema solare). Finsen's first case of
lupus was successfully treated in 1895, with an
ordinary arc electric light and a hand-lens, the
red and ultra-red rays being filtered out through
blue water. He then devised and used a sun-
apparatus consisting of two lenses of glass, one
plain, the other convex, framed in a brass ring
mounted on a stand, and which admitted o
adjustment and focusing. Between the lenses
was a bright blue weak ammoniacal solution of
copper sulphate. Discovering that the ultra-
violet rays were more efficacious than the violet
in killing bacteria, he abolished the blue-water
filter which prevented the ultra-violet rays from
passing, and used clear distilled water, which
sufficiently absorbs the red and ultra-red burn-
ing rays. Lenses of clear quartz-crystal were
substituted for those of glass, it being found
that they are better heat-filters and allow the
chemical rays to pass almost unimpaired. As
sunlight could not be depended upon for regu-
Tar and systematic treatment, Finsen turned to
the electric light.

The Finsen apparatus as now constructed
consists of an arc-lamp, of from 40 to 80 am-
peres and one or more telescopic tubes of brass
for concentration and focusing. Each tube
closed is three feet four inches long and can be
extended 10 inches. The head-piece of the tube
has two plano-convex lenses of quartz-crystal,
one with the convexity toward the light, the
other with the plane surface in contact with
the plane surface of the first lens. Toward
the lower end of the tube there is a chamber for
distilled water, designed to diminish the heat-
rays not eliminated the crystal lenses. The
light-rays, emerging from this bath, are con-
centrated by another quartz-crystal plano-con-
vex lens at the distal end of the tube upon the
surface to be treated, the convex surface of
the lens being toward the patient. To enable
the rays to penetrate the surface more deeply
by squeezing out the blood a compressor may be
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used, consisting of two quartz-crystal lenses,
one plane, the other convex, with a chamber
between having an inlet and outlet, through
which water can be kept continuously flowing
still further to cool the rays. This compressor
is cither held in place by an attendant or tied
on. An improvement by H(igkins of Brooklyn
admits of the adjustment of the tube on a stand
to suit the case to be treated, as in uterine
carcinoma. !

The objection to the Finsen apparatus are
the cost, the usually frequent and tedious treat-
ment necessary — one hour a day for months —
and the effects sometimes produced on the eyes.
It has mainly been used in cases of lupus vui-
garis, and lupus erythematosa, birth-marks,
acne, and rodent ulcer. Dr. Rollier of Switzer-
land has had great success in employing the
sun’s rays for the open air treatment of tuber-
culous joint affections in children.

Though Finsen’s discovery may not do all
that has been claimed for it, it marks a great
advance, especially in the cure of lupus. Out
of 456 cases treated by Finsen, 130 were cured;
the disorder had not recurred in from one to
five years. Cases of abdominal malignant can-
cer have been successfully treated in this coun-
try. It is claimed by originators of improved
apparatus that as much can Be done therewith
for lupus in 20 minutes as Finsen effected in
.an hour or more, that only 30 amperes, instead
of 80 are necessary and that one application in
several days is sufficient.

The Minim light, suggested by Minim of
Saint Petersburg, which is an ordinary incan-
descent light, covered by a bulb of natural
blue glass, with a reflector, has proved valua-
ble in the treatment of various forms of ulcers,
in alopecia_areata, in contusions and in other
acute 1njuries. Minim also offers this light as
a substitute for the Finsen light in lupus.

Doctor Hopkins of Brook! claims the
treatment by the light of the Hopkins lamp is
a cure for pulmonary tuberculosis in the first
stage, as well as for many cases in the second
stage and that it has been of great comfort and
has prolonged life in a number of instances in
the third stage of the disease. The lamp con-
sists of a 50-ampere searchlight in a brass cylin-
der, with a French condensing-lens, 18 inches in
diameter. It focuses at a distance of about 12
feet. The light passes through a sectional
screen of blue glass, two feet square, to cut out
the heat-rays and impinges upon the chest of
the patient. Half-hour exposures to this light
are found to be sufficient.

The German Light-Bath is used for treating
the naked body by concentrated light. It con-
sists of a couch in a cabinet or sheet enclosure,
with two or more lamps within it comprising
from 40 to 80 amperes. This bath of light has
proved efficacious in malnutrition, marasmus,
and various farms of debility and in neuras-
thenia and other neurotic affections.

The mercury vapor lamp of Kronmayer, in
which the rays are passed through a window
of rock crystal, the crystal not filtering out the
ultra-violet rays has made it possible to pro-
ject intense radiations and so produce very
violent reactions from short exposures. By
careful management it is possible thus to re-
move angioma, rosacea, patches of lupus, etc.
In carbuncles, radiant light and heat may be
employed alone to abort the condition if applied

in the early stages and for long periods. Light
has proved effective also in tuberculosis, peri-
tonitis and other tuberculous conditions.

Bibliography.—Allen, C. W,, ‘Radiotherapy
and Phototherapy’ (Phxladelg}lia 1904) ; Cleaves,
M A, (L'Eh‘ Energti’ (New York 1904);
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J., ‘Radium and Other Radio-Active Sub-
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M. K., ‘Rontgen Rays and Electro-Therapeu-
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PHOTOTOPOGRAPHER.
VEYING. :

( P)HOTOTROPISM, same as heliotropism
q.v.).

_PHRANZA, frin'z3, or PHRANZES,
frin'zas, George, Byzantine historian: b. 1401;
d. about 1477. He was chamberlain of Manuel
1I (Palzologus) and was a warrior and diplo-
mat in the service of Constantine XIII, whose
life he saved in the siege of Patras 51429).
After the capture of Constantinople by Moham-
med II (1453) he escaped to Corfu and retiring
to a monastery, wrote his interesting and reli-
able ¢Chronicon’ or Byzantine history, cover-
ing the period from 1259 to 1477 and the chief
authority for the author’s own time. There
are editions by Alter (1796) and Bekker (with
Latin translation 1838).

PHRASE, in music, a short division of a
composition, in compound time sometimes con-
tained within one measure, but usually consist-
ing of two or more measures, closing with a
half-cadence or a cadence. Two united phrases
ending in a cadence form a section, and two
sections, the first terminating with the dominant,
and the second with the tonic harmony, consti-
tute a perfect musical idea. The musical phrase
is analogous to the literary sentence; thein
proper interpretation and rendition, termed

phrasing,” into which the due elements of
accent and rhythm enter, is one of the distin-

ishing characteristics of the art of the vocal-
ist or instrumentalist, without which any musi-
cal performance is merely mechanical. The
term phrase is applied also to any short pas-
sage performed without break, and the irregular
phrase qualifies a passage with any unusual
number of measures.

PHRENOLOGY (Greek, phren, mind;
logos, discourse), the science which teaches
that there exists a relation between the several
faculties of the mind and particular regions of
the brain, and that these are the organs of
those faculties; in accordance with this theory
phrenologists chart the cranium of man in sec-
tions, each section being taken to represent the
seat in. the brain .of some definite faculty or
mental or moral disposition. That the brain
as a whole is the organ of mind we should in-
cline to regard as an instinctive judgment were
it not that some of the most highly gifted
races, as the Hebrews, the Egyptians, nay even

See Sur-
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the Hellenes, as is proved by their vocabularies
and their literature, recognized various organs
and viscera as the seats of the intellective and
of the emotional facudties; the heart, for ex-
ample, was for the primitive Romans the seat of
understanding, of wisdom, as also for the
Egyptians, the Hebrews, the Greeks; but at the
same time it was for them the organ of feeling
and emotion. But Pythagoras (6th century
B.C.) held the brain to be the seat and organ of
understanding; yet Aristotle, 200 years later,
taught that the heart is the master organ of
life and inelligence, and that the brain is a cold
inert, bloodless organ, the sole function o
which is to temper the heart’s excessive heat.
But for Plato the heart was the chief organ of
intellect, and the great naturalists, anatomists,
and physicians who lived later adhercd to
oras’ view despite the very li\ifh authority
of the Stagirite. Even in the Middle Ages
when Aristotle’s authority was supreme, the
scholastic philosoxlhers rejected his doctrine on
this point, and Albertus Magnus, in the 13th
century, very many other philosophers and
naturalists after him, divined a localization of
faculties in the brain. Albertus saw in the
anterior region the seat of judgment or
ratiocination, in the medial, that of imagination,
and in the posterior region the seat of the mem-
ory; and his successors in a similar way dis-
tributed the seats of the several faculties of the
soul in the different regions of the brain.
Hence, Francis Joseph Gall, though justly ac-
counted the founder of modern phrenology,
did but revive the ancient knowledge and de-
velop it further. He expounded his views on
the subject in lectures at Vienna in 1796 and
later, but in 1802 was compelled to discontinue
them by order of the Austrian government
prompted by the ecclesiastical authorities. Gall-
had already attached to himself a gifted pugil
and efficient coadjutor in the person of John
Gaspar Spurzheim, and the pair pursued their
investigations in concert and delivered lectures
on phrenoloiy throughout France and Great
Britain. In both countries they gained enthu-
siastic disciples not only among the less edu-
cated class but among the learned also — such
men as Sir George Mackenzie, Archbishop
Whately, Laycock, Macnish, Andrew Combe:
the last named was universally recognized as
the ablest expositor of the doctrine in- Great
Britain, and its indefatigable propagandist.
Phrenological societies sprang up everywhere in
England and the United States, and the prin-
ciples of the science were propounded and de-
fended in a number of periodicals, British and
American, the first both in point of time and in
authority being the British Phrenological Jour-
nal, published in Edinburgh and edited by Dr.
Combe till his death in the United States, 1847.
The popular interest in phrenology which for
30 dyen‘rs or more was at fever heat languished
and died away till now (i)hrenological societies
are heard of no more and phrenology for years
had but one representative in the periodical
press of the United States. Fowler and Wells
of New York were the last publishers to take
an active interest in the science, and Nelson A.
Sizer was the last of active phrenologists.
Phrenology, as finally developed, is the work
rather of Spurzheim and of Combe than of its
first founder, Gall. Gall located 27 special
faculties out of the 35 usually recognized; but

.

to Spurzheim is due the credit of having sys-
tematized and justified Gall's data and of hav-
ing enriched the science with important dis-
coveries. Not the least of Dr. Spurzheim’s
merits is the improvement made by him in the
nomenclature of the science: for example, when
what in Gall’s scheme is called murder, Spurz+
heim calls destructiveness, a term which is more:
comgrehensive as well as more exact; or when'
of Gall's two terms vemeration and religion
Spurzheim retains only the first, in which the
second is comprised. The 27 faculties identified’
by Gall are by Gall himself named and num-
bered as follows: 1, veneration; 2, love of off-
spring; 3, friendship; 4, courage, self-defense;
S, murder; 6, cunning; 7, the sentiment of
property; 8, pride, self-esteem, haughtiness; 9,
vanity, ambition; 10, cautiousness; 11, memory
of - things, educability; 12, local memory; 13,
the memory for persons; 14, memory for
words; 15, memory for languages; 16, colors;
17, music; 18, number; 19, aptitude for draw-
ing conclusions; 22, wit; 23, poetry; 24, good
nature; 25, mimicry; 26, religion: 27, firmness
of character. (The numerical figures do not
applgv to Spurzheim’s dphrenological chart).

purzheim classified these faculties, propen-
sities and other characters as follows:

SpPurzHEIM'S CLASSIFICATION AND LocaLiza-
TIONS. :

" Spurzheim recognizes two great classes of

human faculties, namely: o .

I. Feelings, divided into: :

1. Propensities, or predispositions only to’
certain kinds of acts.

2. Sentiments, or impulses which prompt,
to emotion as well as to action, and
these are either ‘ :

a. Lower, common to man and lower
animals; or
b. Higher, peculiar to man.
11, Intellective faculties:
1. Perceptive faculties.
2. Reflective faculties.

PROPENSITIES.

1. Amativeness. 2. Philoprogenitiveness. 3.
Concentrativeness. 4. Adhesiveness. 5. Combat-
iveness. 6. Destructiveness. 6a4. Alimentive-
ness. 7. Secretiveness. 8. Acquisitiveness. 9,
Constructiveness.

SENTIMENTS : LOWER.

10. Self-esteem. 11. Love of Approbation.
12. Cautiousness.

SENTIMENTS ¢ HIGHER.

13. Benevolence. 14. Veneration.
scientiousness. 16. Firmness.
18. Wonder. 19. Ideality. 20.
tion.

15. Con-
17. Hopefulness.
Wit. 21. Imita-

PERCEPTIVE FACULTIES.

22. Individuality. 23. Form. 24. Size.
Weight. 26. Color. 27. Locality.
29. Order. 30. Eventuality. 31.
33. Language.

REFLECTIVE FACULTIES.
34. Comparison. 35. Casualty.
Phrenology was popular during the middle of

the 19th century, but suffered from the lack of
true science displayed by many of its advo-

25.
28. Number.
ime. 32. Tune.



cates, who assumed altogether too much for it,
and made money out of it by charting heads of
those interested at from 50 cents to $5 per chart.
The most necessary thing for a professor of
phrenology was a happy faculty of flattering
everybody, and the more they flattered the more
people paid to have their heads charted, to get
information as to their characteristics. A few
men of large perception, like the late Nelson A.
Sizer, ‘gave value for the examinations they
made, but they appear to have used phys-
iognomy to assist them, and to have been also
very shrewd observers, discovering characteris-
tics in half a dozen ways, besides examining
the skulls of their subjects. Another blow was
given phrenology as anatomy advanced. The
study of the brain functions on the dissectin;

table did not carry out all the assumptions o

the phrenologists; the colleges refused to teach
it as -a science, and it gradually fell into
desuctude. Yet there seems to have becen a

mistaken haste in condemning phrenology.
Like chiropractic science,— which was de-
veloped by non-scientific men, until the

scientific had to take it up and acknowledge its
many virtues — phrenology contains truths
that should not be overlooked. Herbert Spen-
cer emphasizes these: “No physiologist can long
reject the conviction that different parts of the
cerebrum subserve different kinds of mental ac-
tion. Localization of function is the law of all
organization; separateness of duty is univer-
sally accompanied with separateness of struc-
ture, and it would be marvelous were an ex-
ception to exist in he cerebral hemispheres.
.. These nrore or less distinct kinds of psy-
chical activity must be carried on in more or
less distinct parts of the cerebral hemisphere.?
Dr. Bernhard Hollander investigated the sub-
ject at great length, and endeavored to find
proof in hospital records, finally giving his
attention mainly to cases of mental disease and
injury, and the effects on the areas of the brain.
After an examination of hundreds of cases,
which he cites in his book, ‘The Mental Func-
tions of the Brain,> he concludes: (1) Melan-
cholia is especially associated with injury or
discase of the parictal lobe of the brain. (2)
Mania furiosa is especially associated with in-
jury or diseases of the central portion of the
temporal lobe. (3) Mania with suspicions and
delusions of persecution is especially associated
with injury and disease of the posterior por-
tion of the temporal lobe.® -Dr. Hollander dep-
recates the false notion of “bumps” and “de-
pressions” of the skull as indications of facul-
ties, while claiming that the tfem’:ral develop-
ment of certain areas is evidence of certain
characteristics; and this is borne out by com-
mon observation. No one of any fair degree
of observation on being shown the portraits of
the philosopher Emerson, the prizefighter John
L. Sullivan, and the capitalist Andrew Carnegie
could fail to decide at once which was which.
Prizefighters have big thick strong back-heads;
unselfish philosophers have small back-heads,
but very high heads; while accumulating busi-
ness men have broad faces, and usually heads
long from front to rear, rather than long in
height. Some men have a special ability for
judging of the character of men applying for
employment, and putting the right men in the
right places — they are natural phrenologists;
but it must be admitted that they use other

PHRIXUS —

PHRYGIA

means than examining the heads of applicants.
Phrenology was disowned by science because
too much was claimed for it, and too much ex-
pected. Like physiognomy (q.v.) it is a
valuable aid to estimating character.

Bibliography.— Gall and Spurzheim, ‘Anat-
omie et Physiologie du Systéme Nerveux?’
§1810-l9); Gall, ‘Des Dispositions Innées de
PAme et de 'Esprit> (1812); Sewall, ‘An Ex-
amination of Phrenology’ (1837); Fowler,
¢Phrenology and Physiology’ (1844) ; Wundt,
W,, ‘Grundziige der Physiologischen Psy-
chologie’ (Leipzig 1888); Donaldson. ‘Tzc
Growth of the Brain’ (1898); Barker. ‘The
Nervous System’> (1899); HoMinder, ¢‘The
Mental Functions of the Brain’> (1901);
(Scientific Phrenology’ (1902), and the files of
the Phrenological Journal.

PHRIXUS, phrik'siis, in Greek mythology,
the son of Athamas and Nephele, and the
brother of Helle When about to be sacrificed
to Zeus, he was rescued by his mother and
carried with his sister to Colchis upon a ram
with golden fleece. Helle fell into the sea and
was drowned on the way and the waters where
it took place were called the Hellespont. It
was the fleece of this ram, given to King Aetes,
and kept by the king in a garden guarded by a

ery dragon, in search of which Jason went in
the expedition of the Argonauts.

PHRYGIA, frij'i-a, in ancient geography,

a country of Asia Minor, occupying the central
plateau west of the Halys and the interior
desert, but otherwise very ill-defined, since the
country varied much at different times and in
general was an ecthnological rather than a
geographical term, as it was applied to the
district occupied by the Phryges or Phrygians.
The region was broken by sharp valleys, was
extremely fertile, especially on its western slope,
and was rich in gold as is evidenced by the
myth of its King Midas. He was said to be
the second king of the country succeeding his
father Gordius, a common laborer who founded
the kingdom, about 800 B.c. The names of
Gordius and Midas are frequently repeated in
the list of Phrygian kings, and this account of
the foundation of the kingdom is scarcely
credible. Indeed it seems that a much earlier
Phrygian civilization spread over Lydia, Cap-
adocia and Lycaonia as well as Phrygia, leav-
ing behind it monuments of its peculiar art and
a road system later utilized by the Persians.
Intercourse with the Greek cities of Asia Minor
seems to date from the 9th century B.C, and
with the European Grecks, through the colony
of Sinope (founded 751) in the 8th century.
But 100 years later the Phrygian kingdom was
wiped out (680-670 B.Cc.) by the invasion of
the Cimmerians, who seem to have held the
country till about 620, when the Lydians con-
quere? Phrygia, to hold it until the conquest
of Lydia by Persia. Persia’s downfall trans-
ferred Phrygia to Macedonia, and it became a
part of Pergamus, and in 90 B.c. was incor-
porated into the Roman province of Asia.
Phrygian slaves were highly prized among the
Greeks, probably as early as the 5th century.
Ethnologically the Phrygians seem to have
been closely related to the Armenians. Both
were of Indo-Germanic stock, as has been
proved by recent studies on the Phrygian lan-
guage, which is kpown to us only from the
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scanty remains of widely scattered inscriptions
and a few glosses; many of the funeral in-
scriptions are in Greek, save for the curse at
the end on him who ®disturbs my bones,” which
was written in Phrygian. The language, like
Armenian, seems to be Iranian in its affinities.
Inscriptions in its peculiar alphabet, the exact
value of some signs which are still unknown,
are found in Lemnos and in Egypt. Some few
of its words agree almost exactly with the
Greek, and many loan words from the Phr_y%'lan
seem to be found even in the Homeric dialect
Most of the sepulchral inscriptions alluded to
‘are found on tombs with peculiar conventional
pattern of great boldness and skill in design,
the figures being mostly of a heraldic type
strangely suggestive of Oriental rugs. The most
famous of these tombs are those of the early
kings, including Midas, in the hills near San-
garius — all apparently were memorials and not
actual burial places. The Phrygians seem to
have been essentially a rustic people, and their
religion was a nature worship, 1n which the
great divinity was Ma or Ammas, the Great
Mother, also called Cybele, which seems to have
meant “the mountain goddess.” Her seats were
Dindymus, Sipylus and Ida, and she was the
goddess of vegetation and of all kfe and gen-
eration. Her cult passed to Greece in the Sth
century, and her black stone image was carried
to Rome in 204 B.c. Closely associated with her
was Attis, again a divinity of nature’s powers
of reproduction.

’Bibliographg.— Historﬁ' Ramsay, ¢His-
torical Geography of Asia Minor’ (18905, Cities
and Bishoprics of Phrygia’ (1895-97) and ¢Cities
of St. Paul %907); on topography and
scenery: Ouvré, ‘Un Mois en Phrygie’ (1896) ;
on language and inscriptions, Ramsay, in ‘Jour-
nal of Hellenic Studies’ (1882, 1884), ‘Journal
of the Royal Asiatic Society’ (1883), and
Zeitschrift fiir vergleichende Sprachforschung?®
(1887) ; and on archology and myth and re-
hgion: Perrot and Chipiez, ‘Histoire de I'Art
dans I'’Antiquite’ (Vols. IIT and 1V, 1886, 1890)
and Roscher, ‘Lexikon der griechischen un
romischen Mythologie,> s. vv. Attis, Kybele,
Men, etc. (1884 seq.).

PHRYGIAN CAP, or LIBERTY CAP,
a peaked headdress worn by the ancient Phry-
gians. Such a cap when placed upon the heads
of Greek and Roman slaves became a token
of their freedom. Hence it has become a sym-
bol of liberéy. The Roman conspirators, after
murdering Casar, carried it through the streets
on a pole and it was stamped on coins. It was
also connected with the French Revolution.
Louis XVI was compelled to wear it in 1792
in order to show his agreement with the peo-
ple’s desires. In the same year it was made
the mark of a “patriot? It is also seen on the
head of the Goddess of Liberty, on some of
the coins of the United States, and has been
adopted by some foreign countries, being in-
scribed on their coats of arms.

PHRYGIAN LANGUAGE.
PHRYGIA.

PHRYNE, fri'né, famous Greek courtesan:
b. Thespiz, Beeolia, in the 4th century B.C.
She was named Mnesarete, but on her coming
to Athens, where she became a flute player and
later a hetera, was called Phryne (literally
“toad”) “because of her complexion.® She

See

grew rich in her profession and became the
mistress of the sculptor Praxiteles, who modeled
after her his statues of Aphrodite and made
two portrait statues of her. Many stories of
her are told, the most famous being that of her
promise to rebuild from her own purse the city
of Thebes on the condition that the city should
be inscribed ®*Destroyed by Alexander; rebuilt
by Phryne” —an offer which was declined.
Quintilian is the first authority for the story of
her trial before the Areopagus, in which her
lawyer Hyperides, seeing that he would lose
the case, drew her clothes from her breast and
shoulder, showing the judges a beauty so per-
fect as to force them to declare her innocent.
During an Eleusinian festival, another story
relates that she appeared in the sea bathing in
full view of the pilgrims, a theme taken by the
painter Apelles for his picture of Aphrodite
Anadyomene (that is, “rising from the sea-
foam®). In later art Phryne figures in a fa-
mous fresco at Pompeii, and in the painting of
Gérome (1861), and in the statue by Pradier.

PHRYNICHUS, frin'i-kis, early Greek
tragic poet. He was an Athenian, won his first
tragic victory in 511 B.c, and was writing in
476 B.c., at which time his ‘Phceniss®’ was

resented with much ?omp by Themistocles.
esides the ‘Phcenissz,” which was imitated by
Zschylus in the ‘Persz,” Phrynichus wrote
several works, the titles of nine others havin;
been preserved. His ¢Capture of Miletus,
Herodotus says, was the cause of his being
fined for thus employing a national calamity,
and of a law against tragedies of political con-
tent. Phrynichus is said to have been the orig-
inator of several improvements in the drama.

PHTHA, thi. See Ptan.

PHTHIOTIS, thi-g'tis, the southernmost
of the tetrads of ancient Thessaly and now
forming, with Phocis, a nomos, or govern-
mental division of the Greek kingdom. The
ancient district, famed as the home of Achilles,
included the region about the Othrys range be-
tween the valley of the Sperchius and the great
plain of Thessaly. The present division, which
before 1899 formed a nomos together with
Phocis (q.v.), has now been separated; its area
is about 1,800 square miles; pop. about 73,000.
Capital city Lamia.

PHTHISIS, thi'sis. See CONSUMPTION.

PHYCOCYANIN, fi-ko-si's-nin, PHY-
COERYTHRIN, PHYCOPHZXZIN, pig-
ments coloring the blue-green, red and brown
seaweeds respectively. See ALGE.

PHYCOLOGY, that department of bot-
any which treats of the alge or seaweeds.

PHYCOMYCETES, PHYCOPHYTES.
See Funar.

PHYFE, fif', William Hengy Pinkney,
American author: b. New York, 13 June 1855;
d. 7 March 1915. He reccived his education at
Columbia College and devoted himself to a
study of spelling and pronunciation, on which
subject he wrote ¢(The School Pronouncer;
How Should I Pronounce?’ ¢Seven Thousand
Words Often Mispronounced,” subsequently re-
vised to include 10,000 words; again in 1908,
12,000 words, and in 1914, 18000 words. He
was also the author of ‘Napoleon, the Return
from Saint Helena’> (1908).
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PHYLACTERY (Gr. ¢vdaxrfipiov, a re-
ceptacle for safe-keeping. The Hebrew word
means “frontlet”) ; a sort of small box contain-
ing four passages from the Pentateuch, namely,
Exodus xiii, 1-10, 11-16, Deuteronomy iv, 4-9, xi,
13-21. The phylactery or tephillah was a small
leather case fastened to a band, and each male
Jew of 13 years of age and upward wears two
of them at morning and evening prayer. One
is bound round the head in such a way that the
case comes between the eycbrows. In this case
are four compartments, each containing a strip
of parchment with one of the four passages
above mentioned. The other band with a simple
phylactery is fastened round the left arm, the
little case being turned toward the heart. The
practice of wearing these tephillin was devel-
oped out of the commands in Exodus xiii, 9
and 16, and Deuteronomy vi, 8, and in its pres-
ent form dates from about the st century
hefore the Christian era. In Matthew xxiii, 5,
Jesus condemns the Pharisees for making broad
their phylacteries. The name phylactery, from
a Greek word meaning “o guard? refers to
their use as amulets for protection against
demons.

PHYLZE, fi'le, in Greek history, the sev-
eral tribes of a city or nation, each composed of
men who traced their descent to a single com-
mon ancestor. The Ionians were made up of
four such tribes which settled themselves in
Attica, namely the Geleones, the Hopletes, the
Agikores anc{ the Argades. They were the
foundation of the Athenian state and were di-
vided into three phratries. Solon recognized
these four Old Ionic tribes. Cleisthenes organ-
ized them into 10 tribes which he called after
Old Ionian heroes; and these were again divided
into demes. In 307 B.c. two new tribes were
added, and these in honor of Demetrius and his
father Antigonus were named Demetrias and
Antigonis. A 13th Hadrianis was added in
honor of the emperor Hadrian (123 An.). The
Dorians had three tribes, the Hylles, Dymanes
and Pamphyles, forming the main body of the
state, anc}) in Sparta were divided into 10 Obes.

PHYLARCHUS, fi-lir'kiis, Greek histo-
rian, who flourished about 215 B.c. He was,
according to some, an Athenian, according to
others an Egyptian. He wrote 28 books of
‘Ioropiai’ (‘Histories’), a work apparently con-
taining accounts of not only Greec¢ and Mace-
donia, but also Egypt and other contemporary
states. It covered the period from the invasion
of the Peloponnesus by Pyrrhus to the death of
King Cleomenes of Sparta. Polybius and
Plutarch attack his credibility, yet Plutarch
made extensive use of Phylarchus’ work in his
own lives of Cleomenes and Aratus. Only a
few fragments remain.

PHYLLIS, fil'is, én Greek myth, a daugh-
ter of Sithon, king of Thrace, who from grief
at the absence of her beloved Demophon took
her own life, and was changed into a leafless
almond treee. When Demophon returned and
ﬂur}g his arms around the tree it burst into full
leaf.

PHYLLITE, (1) a mineral related to or a
variety of ottrelite, found as micaceous scales in
the mica schist of various parts of Massa-
chusetts and Rhode Island. Hardness six to
seven; color grecnish-gray to black. In com-

PHYLACTERY —

PHYLLOXERA

position a hydrated silicate of iron, aluminum,
and manganese. (2) A finely crystalline meta-
morphic rock which is a fine-grained mica schist
and may be considered a transition type between
an ordinary mica schist and a slate.

PHYLLIUM. See LEAF-INSECT.

PHYLLOCARIDA, a name given by Pack-
ard to the group of crustaceans called Lepto-
straca by other authors. But a single genus
(Nebalia) is known, a small shrimp-like form
occurring in seas of moderate depth. The group
is characterized by having a bivalve carapace,
21 body-segments, of which eight are in the
abdomen, and leaf-like thoracic feet resembling
those of the Phyllopoda.

PHYLLOPODA, the
group of existing crustacca, The name refers
to the feet, which are broad leaflike structures,
the thoracic appendages being unjointed, while
those of the head are typically arthropodan.
The number of segments of the body varies
between very wide limits, those of the abdomen
being without appendages. In all except the
Branchipide, a carapace is developed, either as
a broad oval plate covering the thorax, or as a
bivalve shell closed by adductor muscles like a
clam. The group is divided into the Branchio-
poda (q.v.) with numerous segments, most of
the species being inhabitants of fresh water
(see Arus); and the Cladocera in which
the segments number less than a dozen, the
species being some inhabitants of fresh water,
others of the sea. Most of the fresh-water
species are normally parthenogenetic (see
PARTHENOGENESIS), the males appearing only
at rare intervals; indeed the males of some
species are unknown. Many are inhabitants of
pools which dry up in hot weather: and it has
been found that with some species the eggs
need to be dried before they will develop.
Many species lay two kinds of cggs, thin-shelled
summer eggs and thicker-shelled winter eggs.
In the Cladocera the dorsal part of the cara-
pace serves as a brood-poucg, the eggs here
undergoing their development, sometimes nour-
ished by fluids secreted by the mother. The
species of Artemia are remarkable from the
fact that they live in salt springs and lakes, or
in tubs and vats filled with brine, but are un-
known in the sea or in fresh waters. (See
BrINE SHRiMP). Consult Packard, A. S,
‘North American Phyllopod Crustacca’ (Wash-
ington 1883) ; id., ‘Text-book of Zoology’ (11th
ed., New York 1904).

PHYLLOTAXIS, i» botany, the arrange-
ment of leaves on a stem, three common posi-
tions being opposite, alternate and verticillate.
See LEAVES.

PHYLLOXERA, or VINE-PEST, an
American aphist (Phylloxera vastatrie), de-
structive to grapevines. It has four forms:
sexual, leaf-gall, root and winged. The sexual
female lays an egg upon the vines during the
autumn. About the time the buds open, the
larva hatched from this egg forms a gall upon’
the upper surface of a leaf and in about two
wecks commences cgg-laving, soon ﬁroducmg
from 500 o 600 cggs within tlg1e gall it has made.
The young which appear in about a week dis-
persc to other parts of the vine and form galls
like the first. During the summer six or more
generations are produced and the leaves may

most  primitive
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be completely covered with galls. The last
brood produced before cold weather migrates to
the roots where the insects hibernate until
spring. During the growing season of the
second year several generations of wingless
females are produced upon the rootlets which
swell more or less at the points of attack. In
early autumn these root forms may produce
winged females, which fly to the vines and lay
eggs to continue the life-cycle. Often, however,
no Wi‘;lgfd forms may be produced for several
years, the root forms being capable of continued
reproduction under favorable conditions. Flight

is not the only means the insect has for dis-

tribution; it may be carried by vines trans-
planted from infested vineyards to new ones
by birds and insects to whose bodies the lea

form may cling; by winds which carry the leaf
form either with leaves torn from the vines or
otherwise; and through the crawling of the root
form through cracks in the earth.

Though the insect is an American species, it
has done little damage upon American varieties,
since these are more resistant, probably because
of the thicker bark of their roots and their
robust habit of growth. But upon the Euro-
pean varieties ofg Vitis vinifera the root-form
is especially troublesome. It was introduced
into France upon American vines about 1859,
and not only in France but throughout the
grape-growing sections of Europe it quickly
spread and did enormous damage. It is now
known in nearly all grape-growing countries of
the world. It is believed to be responsible for
the failures of European varieties in America
where, however, it was unknown at first ex-
cept in the Rocky Mountain region, and then,
somewhat later, in California upon European
vines. Since the root form, which is seldom
seen, is the destructive form, methods for com-
bating it were rarely satisfactory. The most
frequently tried were probably bisulphide of
carbon injected into the soil and flooding the
ground. The one preventive remedy now prac-
tised is the grafting of the European varieties
upon the roots of American varieties, especially
those derived from Vitis labrusca, V. @stivalis,
and V. riparia. Since this discovery was made,
experiments have been made in the growing
of European varieties in America, the vines
having American roots, the object being to
discover the cause of previous failure of the
European varieties. Consult Marlatt, ‘Princi-
pal Insect Enemies of the Grape’> (United
States Department of Agriculture, Farmers’
Bulletin, No. 70; Washington 1898). See GRAPE
INSECT-PESTS.

PHYLOGENY, the development or evolu-
tionary history of an animal group considered
as a whole. This branch of knowledge is based
on the study of embryology of animals and the
facts thus brought to light, which are supple-
mented by the study of paleontology. See Evo-
LUTION ; PALEONTOLOGY.

PHYSA. See PoND-SNAIL.

W PHYSALIA. See PorTUGUESE MAN-OF-
AR.

PHYSIC-NUT, or CURCAS, the seed of
Jatropha purgans, or the plant itself, a tropical
shrub belonging to the order Euphorbiacee.
These seeds have strong emetic and purgative
properties, due to a fixed oil which is expressed

and used in medicine under the name of jatro--
pha-oil. The seeds of another species (J.
multifidus) are called French or Spanish
physic-nuts, and these yield oil of pinhoen. See
JATROPHA.

PHYSICAL CONSTANTS. See Unrts
oF MEASUREMENT; WEIGHTS AND MEASURES.

"PHYSICAL CRYSTALLOGRAPHY
treats of the physical properties of crystals and
their determination. In general any mcasurable
property will yield results varying with the di-
rection and alike only in directions which are
structurally equivalent. If these results are
rcpresented by straight lines of proportionate
length in the given directions they determine a
closed surface which in symmetry and dimen-
sions represents that property in that crystal,

The physical characters may be subdivided
into those” which depend upon cohesion and
elasticiti, and upon the action of radiant energy
(light, heat, magnetism and electricity).

The Properties Dependent upon Cohesion.
— The resistance opposed by a crystal to forces
tending to separate its particles is shown b
various important properties, as cleavage, glid-
ing, parting, percussion-figures, etch-figures,
corrosion and hardness. Of these cleavage has
been described, see CLEAVAGE, and hardness is
discussed under the article MINERALOGY.

Gliding is the tendency of the particles to
slip or glide without separation parallel to a
so-called gliding plane, which js always a pos-
sible crystal face, when pressure is exerted in
a certain direction. Thus if a slender crystal
of stibnite supported at the ends is pressed
downward with a dull knife edge, it is bent at
this point without affecting the other parts.
The gliding may be accompanied by a revolu-
tion of 180 degrees bringing a part of the crys-
tal into twinning position. Unlike cleavage
planes, which are at right angles to directions
in which the particles are furthest apart, gliding
planes are at right angles to directions in which
the particles are very close together.

Parting.—The planes along which gliding has
taken place often become planes of easy sepa-
ration and are then called parting-planes. Part~
ing resembles cleavage, but is (ﬁstinguished by
the fact that it takes place only in certain deh-
nite planes, those of the molecular disturbance
while cleavage may be obtained in any part of
the crystal in the given direction.

Etch figures— When a crystal is attacked
by any solvent the action proceeds with differ-
ent velocities in crystallographically different
directions, and if stopped before the solution
has proceeded far, the crystal faces are often
pitted with little cavities of definite shape
usually bounded bivl minute faces,

The figures, whatever their shape, conform
in symmetry to the class to which the crystal
belongs and as the faces rarely belong to limit
forms common to several classes, etch figures
are very useful in determining the. true symme-
try of the crystal.

Etch figures are alike on faces of the same
crystal form and generally unlike on faces of
different forms.

Corrosion.— The unequal rapidity of solu-
tion in different crystallographic directions is
sometimes studied by immersing a crystal in a
solvent. This may result in the development of
new faces conforming in position to the sym-
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metry of the crystal. Sometimes a sphere is
cut from the crystal and submitted to the ac-
tion of the solvent. Thus a sphere of quartz
subjected to the prolonged action of hydro-
fluoric acid was attacked rapidly in the direction
of the vertical axis but scarcely at all in the
direction of the horizontal axes, the resulting
form being a subtriangular lens.

Percussion Figures.—Cracks parallel to
crystallographic directions are sometimes devel-
oped by pressing or tapping a conical point
against a face of a crystal. Examples are mica
and common salt.

The Properties Dependent upon Elasticity.
—1If rods of the same length, breadth and
thickness are cut from different parts of the
same crystal and subjected to equal strains, they
are found to undergo different extensions, and
if, from the resulting coefficients of extension
for all directions, the extension surface is con-
structed, this, while often a very complex shape,
is found always to be symmetrical to the axes
and planes of symmetry of the crystal.

Pressure in different directions will modify
the optical characters of a crystal. For in-
stance, isotropic crystals may be made to yield
uniaxial or biaxial phenomena according to the
direction in which the pressure is applied.

The Optical Properties of Crystals.— Al-
though the electromagnetic theory of light is
now generally accepted, the terminology of the
older undulatory theory is still conveniently
used in discussing the optical characters of
crystals. It is assumed that while the direction
of advance in a homogeneous medium is in
straight lines, the transmission is due to vibra-
tion (or waxing and waning of force) at
right angles to this direction of advance. This
may be called a vibration and designated in
direction and intensity by a straight line. The
advance during a complete vibration is called
a wave length and determines the color of the
light while the amplitude of the vibration deter-
mines the intensity.

The properties of light are elsewhere de-
scribed (see LicHT). Those most used in the
study of crystals are refraction, double refrac-
tion, polarization and absorption. In other
words, because crystals on account of their
structure retard the transmission of light dii-
ferently in different directions, both with re-
spect to the velocity of transmission and the
quantity transmitted, these properties of trans-
mission are utilized to determine crystalline
structure,

Refraction— Rays of light in passin
obliquely from one medium to another in whi
the velocity of transmission is different are bent
or refracted. If the velocity is lessened the
bending is toward the perpendicular to the sur-
face of contact, if the velocity is increased the
bending is sway from the perpendicular.

The ratio of the velocities of lifht in the
two media is called the index of refraction of
the second medium with respect to the first and
it has been proved that whatever the angle of
incidence, the ratio of the sines of the angles
of incidence and the angle of refraction is con-
stant for the same two media and equal to this
sini__V
sinr Vi

Double Refraction.—In 1679 Erasmus Bar-
tholin observed that the objects viewed through

index of refraction. That is,

iceland spar appeared double, one image con-
forming to ordinary refraction, the other not
so conforming. For instance, one of the two
ra{s had a fixed index of refraction (1.658 for
yellow light) while the index of the other varied
for different directions of transmission from
1658 to 1.486. As early as 1678 Huyghens
showed that the optical behavior could be repre-
sented by a double shelled surface like that
later described under optically uniaxial crystals.

Double refraction could be proved for only
a few crystalline substances by the direct ob-
servation of double images. Other methods,
however, prove that it is a general property of
all crystals except those of the isometric system.

Polarized Light— In ordinary light the vi-
brations are assumed to take place at right
angles to the line of transmission but in any
plane. Malus discovered that light reflected
from inclined plates of glass, when viewed
through the doubly refracting iceland spar, gave
images which differed in intensity, and that for
certain positions of the iceland spar-one or the
other image disappeared. Light so modified is
said to be polarized and the vibrations are con-
sidered to take place in one plane only.

The rays transmitted by any doubly refract-
ing crystal consist of polarized light and for
any direction of transmission the planes of vi-
bration of the two emerging rays are at right
angles to each other.

Absorption and Pleochroism.— Light passin,
through any substance is partially absotbei
the amount increasing with the thickness.
the light is composite the component lights of
different wave length may not be absorbed in
the same ratio and the substance will appear
of the color due to the unabsorbed portions of
the components.

In doubly refracting crystals the two rays
transmitted in any direction are apt to undergo
different absorptions and may emerge of dif-
ferent color and intensity. Furthermore in
different directions in the same crystals the so-
called “twin colors” may notably differ and in
such a case the “pleochroism® is observable by
the eye alone. us a crystal of iolite appears
bluish in one direction and yellowish in another.

The Optical Classification of Crystals.—
According to their optical behavior crystals may
be classified as 1. Optically isotropic, 2. Op-
tically anisotropic uniaxial, 3. Optically aniso-
tropic biaxial.

Optically Isotropic Crystals.— Isometric cry-
stals show the same optical properties in all
directions, yielding in all directions the same
index of refraction and the same rate of ab-
sorption. They are singly refracting or rarely
circularly polarizing.

Optically Anisotropic Uniaxial Crystals.—
In tetragonal and hexagonal crystals the op-
tical behavior varies with the direction, the
principal crystallographic axis is also an axis
of optical symmetry, for in all directions equally
inclined to it the same optical tests are ob-
tained. It is a direction of single refraction or
of circular polarization.

The optical properties of a uniaxial crystal
are best understood by considering the shape
of the Ray Surface, which consists of two shells
with a common centre. One is a sphere, the
other an ellipsoid of revolution, each passing
through points on the rays determined by the
velocities of transmigsion.



PHYSICAL CRYSTALLOGRAPHY 27

Evidently for every direction except that of
the optic axis fwo rays are transmitted, an
ordinary, with a velocity indicated by the
sphere radius, and an extraordinary, with a
velocity indicated by the corresponding radius
vector of the ellipsoid, and the greatest differ-

FiG. 1.

ence of velocity exists for the direction of
transmission at right angles to the optic axis.

The spherical shell may surround the ellip-
soid shell or vice-versa. The former combi-
nation is called a positive ray surface (Fig. 1),
the latter a negative (Fig. 3,).

The Optically Anisotropic Biaxial Crystals.—
In all orthorhombic, monoclinic and triclinic
crystals, the optical behavior varies with the
direction, and while there are no true optical
axes, there are, for monochromatic light and
constant temperature, two directions of single
refraction which are called optic axes from
analogy with the direction of single refraction
in the uniaxial crystals.

The ray siirface consists of two intersecting
shells symmetrical only to three lines at right

PG 2,

angles and to three planes each through two
of these lines. Two of the three lines are the
vibration directions of the fastest ray and the
slowest ray. It may be noted that when planes
or axes of geometric symmetry exist they co-
incide with planes or axes of optical symmetry.

If the vibration directions of the fastest and
slowest ray are denoted by X and Z respec-
tively and a direction at right angles to these
by Y, the shape of the ray surface may be
judged from the shape of the principal sec-
tions XY, XZ and YZ.

Y

%

FG. 3.

The section XY (Fig. 3) cuts the two shells
of the ray surface as a circle within an ellipse
with radius, major and minor axes respectively
slowest, fastest and intermediate velocities,
while the section YZ (Fig. 4) cuts the two
shells of the ray surface as an ellipse within a
circle with radius, major and minor axes re-

z

A
N\

F1G. 4.
intermediate and slowest

spectively fastest,
velocities.

The section XZ, the plane of the optic axes,
cuts from the ray surface an ellipse and a circle
which intersects the ellipse in four symmetri-
cally placed points, E (Fig. 5). The radius,
major and minor axes are respectively the
intermediate, fastest and slowest velocities.

Near but not a¢ the points E common tan-
gent planes can be drawn to each shell. The
directions, AA, normal to these common tan-
gent planes are directions of single refraction,
the so-called optic ares. The acute angle be-
tween these is called the optic axial angle.
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As in the uniaxial ray surfaces there are two
types, the described sections being those of a
positive ray surface with Z bisecting the acute
angle between the optic axes; when X bisects
this angle the ray surface is said to be negative.

Determining the Optical Properties of
Crystals. The Light Used—In general the
light used is polarized, as the effects of the
crystalline structure upon this are more readily
studied. Some of the tests also require the use
of monochromatic light, that is of light of one
definite wave length, while other tests are made
with white light.

Obtaining the Polarized Light— Although
occasionally produced by reflection of common
light at a definite angle, or by double refraction
and absorption, as in. the sim-
ple polariscope, known as the

,.ﬂé tourmaline pincers, the usual

y:4 method is by sending common
A light through one of the vari-

ous forms of “nicols® prisms,

N the original form of which de-

scribed by Prof. William Nicol
was constructed as follows:
A cleavage prism of transpar-
ent calcite (Fig. 6) is cut di-
agonally along the line H H
and then the two parts are ce-
mented together with Canada
balsam. he end faces are
ground off slightly so that an
angle of 68 degrees is formed.
(See Fig. 6). The ordinary
ray o with an index of refrac-
tion of 1.66 is totally reflected. The extraordi-
nary ray e with an index of refraction of 1.54
(practically that of the balsam) passes through
the prism with little, if any, change. The plane
of vibration of the nicol is assumed to be
through the shorter diagonal.

The Polarizing Microscope— The various
polariscopes of former days have been replaced
almost entirely for crystal study by the polariz-
ing microscope the simplest form of which
necessarily includes the essentials of an ordi-
nary microscope (a stand supporting a tube
carrying objective and ocular, a platform or
stage and means of focusing and illuminating),
and in addition a nicol, “the polarizer,” below
the object, to polarize the incident light, and
another above the objective, “the anala/zer” ar-
ranged to be thrown in or out and %crossed®
with respect to the polarizer.

To these essentials may be added many de-
vices and attachments for special purposes.

The tests usually are made in known crystal-
lographic directions, E"’f"ably upon 9Yplane
paralle]® sections or through natural faces at
right angles to the desired direction of trans-
mission.

“Crossed Nicols»—When the vibration di-
rections of the upper and lower nicol are
crossed, the polarized light from the lower
nicol cannot penetrate the upper nicol and the
field is dark. If when a transparent section of
a crystal is placed on the stage and revolved,
the field is still dark, the direction of transmis-
sion-is one of single refraction, but if g’lurmg
the rotation the field is in general illuminate
but is dark for four positions, 90 degrees apart,
then the direction of transmission is one of
double refraction.

These four positions of darkness or “Extinc-
tion” occur when the vibration directions of the
two polarized rays emerging from the section
are parallel to those of zﬂ two nicols for then
only the polarized light from the lower nicol is
transmitted by the section with unchanged
vibration direction and cannot pass through the
upper nicol.

With crossed nicols and a doubly refracting
crystal section the light effect at any point is
due to_the combined effect of two components
with vibrations in the same plane. In general
they have been unequally retarded during trans-
mission and may supplement or neutralize each
other. If for instance monochromatic light is
used and the difference in retardation of the
two rays is denoted by A and the wave-length
of lifht by 2 then:

It A== A, 22, 3A,.., n 2 the two compo-
nents followinf the same path will oppose and
exactly neutralize each other, the liggt will be
stopped and darkness will result for all posi-
tions of the crystal section.

Similarly if A = 144, 3/4, /3,
maximum illumination results.

Since A increases with the thickness these
facts may be shown by use of a thin wedge of
a double refracting crystal. Under low magnifi-
cation this will show with monochromatic light
equidistant dark bands with brightest illumi-
nation midway between them. When white
light is used instead of monochromatic light
“nterference colors”® result because for any
section A may be at the same time: (a) ap-
proximately a multiple of the wave-length of
light of one or more colors, which would, there-
fore, be shut out: (b) closely an odd multiple
of the half wave-lengths of other colors leaving
these at nearly their full intensity, and (¢) in-
termediate, with still other colors.

For any value of A there is an absolutely
fixed interference color and as these to some
extent repeat tperiodically they are conveniently
divided into “orders® the transition color be-
tween orders being a sensitive violet so-called be-
cause very minute changes in A result in de-
cided changes to blue or red. The first, second
and third orders end respectively at A =575,
1,130, 1,652 millionths of a millimeter.

Deteymining the Fact of Single or Double
Refraction—If with crossed nicols and the
crystal section on the stage the field remains
dark throughout the rotation of the stage the
crystal is singly refracting in the direction of
transmission. ¥f the field is dark at intervals
of 90 degrees and elsewhere illuminated the
crystal is doubly refracting.

Determining Indices of Refraction.—Ac-
curate determinations require monochromatic
light, constant temperature and, except in iso-
tropic substances, those directions of transmis-
sion which yield the principal indices. The more
used microscopic methods are those of Becke
and Van der Kolk both of which involve a com-
parison with the known indices of liquids.

Becke's method is based upon total reflection
at an approximately vertical boundary between
two substances and the consequent concentra-
tion of light upon the side of the substance with
the higher index of refraction. After focussing
sharply upon a fragment or grain with an ap-
proximately vertical boundary or edge and sur-
rounded by the liquid, the objective is slightly

etc, the
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raised, giving the effect of a bright band moving
into the denser substance.

Van der Kolk’s method is better for irregular
fragments and is based upon the behavior of
the fragment in obliquely incident light. With
proper adjustments approximately lens-shaped
fragments become more strongly illuminated
an one side or the other according as their in-
dices of refraction are greater or less than that
of the surrounding liquid.

Accurate determinations of the principal in-
dices of refraction are often preferably made
by the “prism method® involving the measure-
ment of the “angle of least deviation® and of
the ﬁrismatlc angle. Up to a value of about
1.8 they are very conveniently made by the use
of refractometers based upon the principle of
total reflection, in which the indices of refrac-
tion can be rapidly determined upon polished
or natural surfaces from a millimeter in
diameter up.

In a much used type the surface of contact
is the diametral plane of a glass hemisphere of
very high index of refraction, the crystal sur-
face is placed on this with a drop of some
liquid also of high index. The diffused light
from one side is in part totally reflected and
the ®limit line” found by a telescope. The
index is calculated from the angle at which the
telescope obtains the adjustment

Determining Birefringence— The birefrin-
gence or strength of double refraction of any
doubly refracting crystal is the difference be-
tween its maximum and minimum indices of
refraction. If these indices can be determined
to the third decimal their difference may be
taken as the birefringence.

In practice the birefringence is usually de-
termined from the retardation A and conse-
quent interference color and the thickness of
the section, by the relation A=t(n,—n).

The retardation A can be measured with
great accuracy by compensators. The thick-
ness determination is less accurate.

The function of the compensator, which in
its simpler form is a wedge of doubly refract-
ing crystal, is to lower the value of A by known
amounts until A=0.

Determining Extinction Angles.— The angle
between an extinction direction and some recc-
ognizable crystalline direction, cleavage, crack,
edge, twin plane, etc, is called an extinction
angle of the section.

The best general method is to carefully de-
termine the ‘position of the crystalline direction,
then rotate the stage clockwise until the field is
dark at some reading a. Continue the rotation
until the field is light, then turn back counter
clockwise to some reading a’ where the field is
again dark. The reading halfway between is
near maximum darkness.

Test plates are also used which between
crossed nicols develop some sensitive interfer-
ence color. This color is not changed when the
section being tested is in its extinction position,
but is notably changed for any other position.

Determining Pleochroism.—Pleochroism may
be determined with the polarizing microscope
as follows:

The extinction directions are found and then
the upper nicol is pushed out and the colors for
the two extinction positions noted and com-
pared. These positions give the maximum dif-
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Biaxsal Crystals yield characteristic interfer-
ence figures both with sections normal to an
optic axis and with sections normal to the bi-
sectrics X and Z. In the former the isogyre is
a single black bar, essentially straight, when the
trace of the plane of the optic axes coincides
with the vibration direction of either nicol, but
for all other angles of rotation it is curved and
resembles one arm of an hyperbola. This arm
rotates in the opposite direction to the rotation
of the stage.

If the section is not too thin there will be
black and often nearly circular interference
bands with monochromatic light, and colored
curves with white light corresponding to A=
A, 22, 34, etc.

Sections normal to a bisectrix yield an inter-
ference figure in which the Cisogyres® appear
as two dark bars or brushes, For the so-called
normal position (Fig. 8) one bar connects the
points of emergence of the optic axes, the other
1s a thicker, lighter band at right angles to the
first and midway between the axes,

Fic. 8.

If the stage is rotated the straight bars seem
to dissolve into an hyperbola, the vertices of
which are the loci of the optic axes and the
branches of which rotate in the opposite direc-
tion to the rotation of the stage.

With convergent monochromatic light there
will be, in a field of the color used, black closed
curves around the loci of the optic axes cor-
responding to A= 2, 214, 34, etc. If white
light is used isochromatic curves result, but the
interference figure may be much more complex
than with monochromatic light as neither the
axial loci nor the isogyres nor the curves of
equal retardation coincide for different wave
lengths. The angle between the optic axes may

be obtained from the last'described interference
figure. . .
Under favorable conditions interference

figures obtained with white light will serve to
distinguish between the orthorhombic, mono-
clinic and triclinic systems, for they conform in
~shape and distribution of color to the sym-
metry of the system. With orthorhombic
crystals the figure will be symmetrical to the
line joining the optic axes, to the line through
the centre at right angles thereto and to the
central point, with monoclinic crystals the figure
will be symmetrical to only one of these and
with triclinic crystals to none.

Interference figures furnish a ready means
for ascertaining whether the ray surface is
positive or negative.

Thermal Properties of Crystals.— Heat
rays differ from light rays in their relativel
greater length, but may be reflected, refracted,

doubly refracted, polarized and absorbed, and
it is possible, though difficult, to determine a
series_of thermal constants for crystals,

Conductivity— Crystals conduct heat with
unequal rapidity in different directions. If a
crystal face or cleavage surface is coated with
an_easily melted wax and touched with the
point of a hot wire the wax will melt in a
circle with either an isometric crystal or a
basal section of a hexagonal or tetragonal
crystal. All other sections will yield ellipses
varying in ecceatricity and in position of axes.

Expansion— When a crystal is uniformly
heated, directions crystallographically alike ex-
pand in the same proportion, but directions un-
like do not. This is shown by the fact that cer-
tain interfacial angles are cﬁ'anged, others are
not, and the expansion may be accurately meas-
ured for any direction, but the methods in-
volve apparatus of great precision and cost.

The Magnetic Properties of Crystals.—
All crystals and indeed all substances are to
some extent either attracted or repelled when
placed in the field of a powerful electro-
magnet. Those that are attracted are para-
magnetic, those repelled, diamagnetic. The
strength of the magnetization varies with the
direction in crystals, and so far as studied the
magnetic relations are analogous to the optical
relations with the curious exception that the
isometric crystals of magnetite are not mag-
netically isotropic, but show different magnetic
intensity in different directions.

Electrical Properties of Crystals.—Electric
waves are like light w-ves; they travel with
the same velocity, exhibit the phenomena of
reflection, refraction and polarization and differ
only in much greater length. Bose has ce-
scnbed an electric polariscope, with which it
may be possible to test opaque crvstals as we
now test transparent crystals.

Electric Conductivity— In the few tested
crystals there has been found a dependence of
electric conductivity upon crystallographic direc-
tion, conforming to the thermal conductivity.

Pyroelectricity—Change of temperature will
develop electric charges in certain classes of
crystals. Usually the crystal is heated and al-
lowed to cool. During the cooling of the
crystal positive charges collect at the so-called
antilogue pole and the negative charges at the
analogue pole.

Piezoelectricity— Similar charges are de-
veloped by pressure, for instance tourmaline
compressed in the direction of the vertical
axis develops a positive charge at the antilogue
end and a negative charge at the analogue end,
or precisely the charges which would result
from cooling a heated crystal.

Bibliography.— Most of larger textbooks of
mineralogy and special works such as v. Groth,
P., ‘Physikalische Krystallographie’® (Leipzig,
also translation of part by Jackson, New York
1910) ; Becker, A., ‘Krystalloptik F. Erike’
(Stuttgart 1903) ; Fletcher, L., ‘The Optical
indicatrix> (London 1892); Tamman, G,
(Kristallisiren und Schmelzen’> (Leipzig 1903) ;
Voigt, W. ‘Elemente der Krystallphysik’
(Leipzig 1898).

Avrrrep J. Moses,
Professor of -Mineralogy, Columbia Univer-
Sity.
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PHYSICAL CULTURE. See PrysicAL
TRAINING.

PHYSICAL ECONOMICS. See Eco-
NoMIC VALUE OF MAN AND THE MEASUREMENT
oF DAMAGES FROM INJURY OR DISEASE.

PHYSICAL EDUCATION. See HeEaLTH
EbpucaTiON.

PHYSICAL GEOGRAPHY. See Puysr-
OGRAPHY ; GEOGRAPHY.

PHYSICAL OPTICS. See LicHT.

PHYSICAL SOCIETY, American, a so-
ciety affiliated with the American Association
for the Advancement of Science (q.v.). It was
founded in New York, 20 May 1899. From that
date to June 1902 it published quarterly a ‘Bul-
letin.> After that the proceedings of the society
and the papers read at its meetings were pub-
lished in The Physical Review, a monthly
founded in 1893 and published with the assist-
ance of Cornell University at Lancaster, Pa.,
and Ithaca, N. Y. In January 1913 this publi-
cation was taken over by the society and is now
managed by an editorial board appointed by
the latter. The society has no definitely estab-
lished headquarters, but holds frequent meet-
ings in various parts of the United States for
the reading and discussion of papers on the
subject of physics.

PHYSICAL SOCIETY OF LONDON,
The, a learned organization established on 14
Feb. 1874, having for its object the advancement
of a knowledge of physics. The society pub-
lishes ‘Proceedings’ bi-monthly from December
to August. Its headquarters are at the Imperial
College of Science and Technology, London,

PHYSICAL TRAINING, a term used to
indicate the systematic development and main-
tenance of bodily power and health. In the
broad sense it includes gymnastic and athletic
exercise, active sports, personal, public and
school hygiene. While the term is often used
in its broad sense as health training, this article
has special reference to physical exercise as
related to this.

Systematic training of the body has been fol-
lowed in some form by probably every nation
and race, savage and civilized. In the past it
has taken the varied forms of training for war-
fare through exercise for developing endurance,
strength and skill; recreative and competitive
sports; gymnastic dances for religious, martial
or recreative purposes, and remedial exercises
for the cure of disease, often associated with
religion and administered by the priesthood.
The highest development in many ways that the
subject has ever known was in ancient Greece,
where athletic games held a place in the politi-
cal, religious, intellectual and artistic life of the
country that made them one of the greatest
human institutions in history. (See ATHLETICS;
GaMes). The physical training of women in
ancient Greece consisted mostly of dancing and
ball-playing, though the women of Sparta were
not allowed to marry until they had given a
public exhibition of proficiency in gymnastics.
After its decline in Greece physical training
next arose to the dignity of an institution in
the age of chivalry when physical strength and
prowess were again apotheosized for noble uses.
(See GAMEes). Following this, development of
the body fell under the ban of an ascetic age,

where it remained until early in the 19th cen-
tury despite the protests of such philosophers
and reformers as Rabelais, Montaigne, Rous-
seau, Pestalozzi, Luther, Milton and Locke. At
the time mentioned began a renaissance of
ghys.lcal training out of which has grown, side
y side with the continuance of athletic sports,
the modern gymnasium, a wholly unique insti-
tution in its construction, equipment, and the
kinds of exercise adapted to it. This exercise
includes gymnastics proper, with and without
apparatus, games, nastic and folk dancing
and athletics. With the growth of cities, mass-
ing large numbers of people in limited space
and curtailing facilities for outdodr exercise,
the gynasium has come to mean, not only a prep-
aration for competitive sports, but for thou-
sands of people the only opportunity for vigor-
ous, all-over bodily exercise. At the same time
there has developed a scientific and educational
understanding and application of the subject
in marked contrast to earlier methods. Exer-
cise in its early forms, as inspired by considera-
tions of religion, warfare or competitive sport,
was used with a purely empirical knowledge of
its effects. With the development of physiology,
psychology and related sciences, has come a
closer analysis and classification of exercises
for their effects upon the physiological func-
tions, a clearer knowledge of the relation of
exercise to psychological and moral develop-
ment, its adaptation to individual needs, and its
use as an instrument of education. Germany
and Sweden were pioneers in this modern ad-
vance of the subject, and the principles and
methods there developed have had a profound
influence upon the physical training of other
European countries and America.

German gymnastics have been developed in
societies organized into the Turnerbund, which
is the largest organization for gymnastic pur-
poses that the world has ever known. It was
founded about 1810 by Friedrich Ludwig Jahn
(1778-1852), who invented the mode of exer-
cise known as turning, and who is called the
Father of German Gymnastics. The inspiring
expressed motive for Jahn's work was patriot-
ism — the development of strong men for the
“protection of the fatherland® No institution
of physical training since the days of ancient
Greece has had such a popular following as the
German Turnerbund. Indeed, it bears strong
analogies to the Greek institution. Among
these is the combination of intellectual, artistic
and social interests with physical training. For
children there are, in many Turnvereine, classes
in drawing, modeling, needlework and litera-
ture. The adults have debating societies and
choral and dramatic clubs. The social element
is very strong. In both Germany and the
United States the German turners have a meet
or festival every four years, when thousands
of participants from all parts of the country
contest for honors in gymnastics, athletics, de-
bating, singing, etc. Prizes of laurel or oak
leaves, or diplomas, are awarded for these con-
tests. Jahn and his pupils, building upon a col-
lection of exercises made by Gutsmuths (1759-
1839) invented a number of pieces of apparatus
and exercises to be performed upon them.
Much of this German work calls for the sus-
taining of the weight of the body upon the
arms, as in using the horizontal and parallel
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bars, traveling and flying rings. The vaulting
horse and buck, balance boards, ladders and
climbing poles are also prominent in German
gymnastics. Freehand gymnastics (namely,
without apparatus) and work with light, mov-
able apparatus, such as wands, dumb-bells and
Indian clubs, were developed and adapted to
schools by Adolph Spiess (1810-58). The es-
tablishment of gymnasiums for secondary
schools was decreed by the Prussian govern-
ment in 1844, and for elementary schools for
the people in 1860. The Royal Central Gym-
nastic Institute for training teachers of gym-
nastics for the army and the schools, was es-
tablished by the government in 1877. Techni-
cally, as introduced in the United States, Ger-
man gymnastics partake of the empirical char-
acter of earlier forms of exercise. The work
is classified as tactics, calisthenics, fancy
steps, apparatus work, popular gymnastics,
?ames and plays. Within these divisions
urther classification is according to external
features, as, exercise on the upper side of the
ladder, on the lower side, outer side, etc. The
progressive arrangement of exercises is accord-
ing to neuro-muscular skill, advancing from
simple to complex movements. The capacity
of pupils is also determined on the general lines
irdicated by their separation into classes of
children, men, women and old men. Almost all
possible movements are permissible, and the
ingenuity of teachers has resulted in a large
variety of exercises. Indeed, interest and en-
joyment — work under the guise of youthful
appiness and sport — mark the general spirit
of the turner gymnastics. Games for both
adults and children are a prominent feature,
and for women and children, figure marching
with dance steps and singing, called roundels
or reigen. The method of teaching and con-
ducting work is almost invariably imitative, the
pupils’ movements being largelfy reflex and auto-
matic. This, with the use of apparatus, gives
an objective trend to the mental attitude of
pupils which reduces mental tension to a mini-
mum. The musical genius of the German pco-
ple is manifest in its gymnastics, not only in
the frequent use of musical accompaniment, or,
in the absence of music, of inspiring rhythms
beaten out by the instructor, but, in a larger
sense, in the artistic arrangement of drills or
series of exercises. These are often con-
structed around a given exercise which serves
as a theme on which variations are arranged,
working up, as it were, to a climax, and return-
ing at the close of the series to the initial
movements. This artistic bent shows in en-
semble effects used for their appeal to the eye,
as when alternate lines work in opposite direc-
tions, or a program is closed with a tableau
or pyramid of performers.

Gymnastics in Sweden are also “the length-
cned shadow of one man®— Peter Henry Ling
(1776-1839). While never attracting a popular
following like German gymnastics, those of
Sweden are also under government auspices and
are universally used in the schools and the
army, while since 1814 a Royal Gymnastic Cen-
tral Institute for the training of teachers has
been maintained at Stockholm hy the govern-
ment. Ling put gymnastics into pedagogical,
military, medical and @sthetic divisions. He
brought the suhject within the scientific trend
of the century by a careful study of the effects

upon the body of various positions and exer-
cises, and their classification according to these
effects. Developments in physiology have modi-
fied some of Ling’s conclusions, but the under-
lying principles remain. He invented a num- .
ber of pieces of fixed apparatus, notably the
stall bars, Swedish horizontal bar (boom) and
vaulting box. These pieces of apparatus admit
of less freedom and variety of motion than the
German apparatus, but lend themselves to more
closely graded mechanical progression in the
exercises. No light, movable, or so-called calis-
thenic, apparatus is used in the Swedish work,
but much is made of free-hand gymnastics.
All exercises are carefully selected for their ef-
fects upon the physiological functions or bodil
osture. The latter is especially emphasiz
No exercises are admitted which even tempora-
rily constrict the chest, embarrass the respira-
tion or “produce continuous pressure upon the
large vascular or nerve trunks.” Static con-
traction of the muscles is much used, however,
in holding one part of the body in a given ‘posi-
tion (as bending the trunk forward) while an-
other part (as the head or arms) is exercised.
All Swedish gymnastics are taken to command,
music being entirely eschewed. These com-
mands are extremely analytical, practically
nothing being left to the initiative of the pupil
or to the sub-conscious processes of muscular
co-ordination. Many Swedish instructors teach
new exercises entirely from command or verbal
description as distinguished from imitative
methods of presentation.

As introduced in the United States Swedish
gymnastics have been characterized by an arbi-
trary and minute classification of exercises and
the arrangement of these in a “day’s order”® or
lesson, as follows (Posse) : (1) introductions,
(2) archflexions, (3) heave movements, (4)
balance movements, (5) shoulder blade move-
ments, (6) abdominal exercises, (7) lateral
trunk movements, (8) slow leg movements,
(9) jumping and vaulting, (10) respiratory ex-
ercises. The idea of orderly progression in the
use of exercises with regard to their physiolog-
ical and mechanical difficulty is one of the most
valuable contributions made to modern gymnas-
tic practice. For instance, the effect upon cir-
culation and respiration of exercise of the large
muscular groups, as of the thigh and trunk, is
much greater than of small groups, as of the
arms or legs, and within reasonable limits this
effect is intensified by overcoming resistance as
in lifting the weight of the body in jumping or
other precipitant exercises. Exercises for these
muscular groups therefore bear a logical rela-
tion to one another. Muscular strength is sim-
ilarly amendble to progressive development
through the application of some of the laws of
mechanics. For instance, work of the trunk
muscles is increased by altering the leverage
through positions of the arms, and balance
exercises are made more difficult by narrowing
the base and shifting the centre of gravity.
The Swedish medical gymnastics, especially in
orthopedic practice and in the form of massage,
are widely used.

Physical training in the United States re-
ceived its first popular impetus from Dr. Dio
Lewis, about 1860. Dr. Lewis was not a scien-
tific worker, but aiming to put the spirit of
sport and play into gymnastics promulgated
some good all-over exercise in free-hand move-
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ments and with dumb-bells, wands, Indian clubs,
bean bags and some apparatus of his own devis-
ing — the “shoulder pusher® and “iron crown.®
This work had an extended vogue throughout
the country with both men and women, and was
introduced into many schools. Since the Civil
War, and especially in the last 10 years of the
19th century and the early 20th century, physical
training has undergone a steady advancement in
the United States, both in the extent to which
it islfused, and in the development of the subject
itself.

In 1870 and later Dr. Dudley A. Sargent
invented a series of pulley weight machines,
some 40 in number, which have since held a

rominent place in gymnastic equipment, The

t known of these is the est weight
machine. By means of these appliances exer-
cise may be localized to given groups of mus-
cles, thus developing weak or updeveloped parts
of the body. Obviously measurement and gen-
eral physical examination of pupils is an im-
portant factor in the thorough use of such a
method.

In 1887-88 there swept over the country a
popular fad for what was called the Delsarte
system. Francois Delsarte (1811-71) was a
native of France, whose work to establish laws
of expression for the dramatic art probably led
to the origination of certain forms of free-hand
exercise, @sthetic in character, which have been
developed by a number of American workers,
though his daughter has expressly denied that
he had anything to do with gymnastics. His
work was approached entirely from a philosoph-
ical, as distinguished from a physiological, view
point, and the mystic number three and its mul-
tiples governed the various modes of movement
and expression, That every movement and atti-
tude of the body should express an emotion was
a cardinal point. The cause of physical train-
ing was for a time retarded by the sentimental,
languid and unscientific atmosphere which sur-
rounded much of this work, but with the pass-
ing of the vogue it #s found to have left two
distinct types of exercise and certain principles
of graceful motion which have permanent
value. To make the body flexible, and to free
it from habits of muscular tension, relaxing
(devitalizing) exercises are used. These con-
sist in making absolutely limp one part of the
body after another, and finall e whole at
once, by removing all tension from the articu-
lations. These exercises are followed by a
series of energizing or vitalizing movements,
slow and rhythmic. Principles of grace embodied
in these include the slow evolution of move-
ment from one point to the next, and the move-
ment in opposition (opposite directions) of two
parts moving simultaneously. Delsarte's ex-
pressional work is highly valued in dramatic
training.

Swedish educational gymnastics were intro-
duced into this country in 1888 by Baron Nils
Posse, having been preceded many cl?"ears by
German mnastics. These two schools or
methods ot work, differing radically, were each
introduced with the handicap of the term “sys-
tem,” implying fixed limits and arbitrary modes
of !Krocedure, as distinguished from flexible
methods, capable of growth and adaptation,
though each claimed the latter quality. A bitter
rivalry ensued, extending over many years and
hindering the development of the subject. This
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warring of systems has largely given place to a
broader spirit which recognizes the fact that
different methods of gymnastic procedure are
fitted to produce different results suited to dif-
ferent conditions and temperaments. Certain

rinciples have emerged which, in a more flex-
ible guise than when first introduced to us, are
more largely entering into all gymnastic work
and may be said to serve as criteria of its qual-
ity. These Frinciples include a careful con-
sideration of the condition and needs of the
individual, a purposeful selection of exercise
with regard to its effects, a general, though not
of necessity an uninterrupted, progression in its
use, all-over body exercise in a given lesson,
and its arrangement with reference to curves o
effort — that is, the gradual approach to, and
receding from, maximal heart effects. Awk-
ward performance is giving way to the good
form or finished execution that denotes definite
training of the power of muscular co-ordina-
tion; cultivation of erect carriage and generally
iiOOd posture are recognized as indispensable.

ethods of teaching gymnastics are tound to
be as amenable to the laws of pedagogy as any
other branch worthy to rank in the science of
education, and recognition is given to the train-
ing or use of psychological powers — the motor
sense, the will, objective and subjective inter-
est, automatic and voluntary attention, etc. In-
deed, physiological psychology and child study
have contributed as much to physical training
as has the physiological laboratory.

The professional training of teachers of
gymnastics has done much to advance the cause
of the subject which long suffered from the
idea that agility of performance was a sufficient
%}:a,lrﬁcation for teaching. There are in the

nited States many normal schools.of physical
training, offering courses from two to four
years in length, including several universities
and colleges that give normal instruction in the
theory and practice of the subject. In addition
many normal schools for class teachers train
their students to conduct class exercises in
various branches of physical training. There
are also each year many summer schools of
physical training. The subjects studied in nor-
mal schools of ph{sical training include physics,
chemistry, histology, physiology, anatomy,
kinesiology, anthropomotry, biology, symptom-
olodgy, psychology, geda ogy; personal, public
and school hygiene, besides the various kinds of
practice work in gymnastics, athletics, swim-
ming and other sports, fencing, games, dancing,
voice training and practice teaching.

The modern gymnasium requires expert
knowledge for its design and construction,
From 30 to 40 square feet of floor space should
be allowed for each pupil exercising in a class.
Trusses or ceiling beams should clear the floor
20 feet and a gallery for a running track should
be 10 or 11 feet clear from the floor. Lockers,
swimming tank, office and examining room for
the director should be included.

Anthropometry, as used in connection with
physical training, consists mainly of the meas-
urement of significant girths with a steel tape;
depths, as of chest and abdomen, with calipers;
standing and sitting heights with the stadiom-
eter; strength tests of the various muscular
groups with dynamometers, etc.; the measure-
ment of lung capacity with the spirometer and
the taking of weight. The testing of sight and
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hearing, and psychological tests for reaction,
time, etc.,, are often included. To these are
added examination of the heart, lungs, spine,
etc., and a tabulation of facts of personal his-
tory bearing upon heredity and other significant
influences. Such examination is made by the
physical directors of practically all colleges and
umversities, secondary and normal schools and
young men's Christian assodiations. From
this data an individual may be compared with
the mean, average or normal type for his age
and height, exercise prescribed according to his
needs and development noted from time to time.
Physical examination of children in the public
elementary schools is rapidly becoming an estab-
lished feature, and many States have laws re-
quirini such regular examinations and system-
atic physical training for children of school
age. aut of this there is evolving a more
scientific correlation between the laws of growth
and physical exercise. These laws have been
largely formulated on the classic studies first
made by a commission in Sweden, and in the
United States by Dr. W. T. Porter in Saint
Louis and Dr. H. P. Bowditch in Boston.
From these measurements have come a recog-
nition of growth {)eriods and laws of growth
that form a valuable index to required exercise.

The representative organization of physical
training in the United States is the American
Physical Education Association (formerly The
American Association for the Advancement of
Physical Education), organized in 1885. The
(Proceedings’> of this association and its
cfficial organ, ‘The American Physical Educa-
tional Review’ published since 1896, form the
most valuable depository in English of the
scientific and philosophical material on the
subject. . .

Other organizations of national scope should
be mentioned, each of which is devoted to a
special phase of physical development. Ath-
letics and sports have been mainly fostered by
the Amateur Athletic Union, the National Col-
legiate Athletic Association, The Intercollegiate
Association of Amateur Athletes of America,
The Young Men's Christian Association Ath-
letic League and Public Schools Athletic
Leagues for Boys and Girls. These athletic
organizations govern amateur standards and
awards, are more or less concerned with ar-
rangements for competitive games and meets,
furnish officials for these and are usually rep-
resented on the rules committees for various
games. The Playground and Recreation Asso-
ciation of America, organized in 1904, has
secured children’s playgrounds for many com-
munities throughout the country, and has fur-
thered all kinds of recreation for children and
adults, including leadership in war camp com-
munity service during the World War. This
organization has been a large factor in wide
recognition of play as a factor in social
economics and for its educational values, physi-
cal, mental and moral. The American Posture
League, founded in 1914, has done much prac-
tical work in gaining recognition of habitual
body posture as a fundamental feature of sound
physical development and health. Its educa-
tional work has included the promulgation of
a standardized or “Triple Test® for posture
that has furnished means of measuring educa-
tional results in this particular. The main work
of the society, however, has been to improve
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the environment as it affects posture, by fash-
ioning in correct anatomic form many articles
of every-day use that mold the posture of the
body —a scientific work engaging in the
league’s technical committees, orthopeedic sur-
geons, school hygienists, etc.,, and resulting in
the standardization of school and other fur-
niture, shoes, corsets, waists, coats, hose sup-

rters and other articles. The Life Extension
nstitute, founded in 1915, is also unique as an
organization in_the field of public health and
preventive medicine. It undertakes, by stand-
ardized periodic examinations, to discover
incipient or developed pathological conditions
and so forestall illness. These examinations
are made by contract with industrial organiza-
tions for their employees, or for individuals on
annual membership or otherwise. In the ex-
amination of many thousands of industrial and
office workers the Life Extension Institute has
found that from 50 per cent to 59 per cent
have impairments of arteries, kidneys, heart or
other organs that indicate breakdown if not
taken promptly in hand and remedied. The
army draft, with its rejection of 40 per cent
on grounds of physical defects, and the Marine
Corps rejection of 90 per cent startled the
country into realization of the need for better
physical development for children, better living
and working conditions for adults and better
personal hygiene for all.

In 1918 there were in the United States of
America 57 societies engaged in public health
work. Twenty-eight of these were devoted to
such work exclusively and 29 of them supple-
mented their main work of social or educa-
tional betterment with some activity in pre-
ventive medicine. Among the many other indi-
cations of a vast movement among the more
intelligent public to improve health and de-
velopment and forestall illness may be men-
tioned the great health engineering work of
the Rockefeller Foundation through its medi-
cal board, of the Russell Sage Foundation,
enormous private bequests to medical research,
the improvement of health conditions and the
wxpxnﬁout of specific diseases in whole districts,
as in New Orleans, Cuba and the Panama Canal
Zone. Much of this has been the work of the
Federal government through the surgeon-gen-
eral’s office and its other agencies (segrl?ated
in 1918 under the United States Public Health-
Service). The community surveys and co-
operative work of all health agencies in the

reat experimental studies in Framingham,

ass., Jackson, Mich,, and Cincinnati, Shio;
the anti-tuberculosis crusade; the attention to
school and industrial luncheons; the attention
to nutrition, food values and wholesome food
for the masses preceding, during and after the
war — thesc are all parts of the great movement
for improved health standards.

All of these health agencies recognize physi-
cal exercise as a fundamental requisite to an
health program. Conversely, systematic wor
in physical exercise, to produce its best results,
should be related to other health considerations
and preceded by thorough physical examina-
tion. It has been estimated (New York City
Department of Health, 1916) that out of any
1,000 industrial workers 25 are all the time
absent for illness. The United States Health
Service has estimated the annual economic loss
from illness among industrial workers in this
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country at $750,000,000. The future of the
nation in its economic power and in the strength
and character of its Eopulation, is thus inherent
in this subject of physical development.
Bibliography.—American Association _for
the Advancement of Physical Education, Pro-
ceedings (1885 to 1895); American Physical
Education Review (18% et seg{?, Reports,
United States Commissioner of Education an
United States Bureau of Education (1891, 1897
and later) ; Bibliography of Physical Training,
McCurdy, 1905; Bibliography of Physical
Training, Brigges (from 1905 to 1911), pub-
lished by Y. M. C. A, 1912; Bibliography of
Physical Training, Affleck, published in Physical
Education Review semi-annually since 1913;
Biblio%‘raphy on Posture and related subjects
in ‘The Posture of School Children,” Ban-
croft, 1912; A Bibliography on Educational
Hygiene and Physical Education, Wood and
Reesor, published by Columbia University, 1911.
Jessie H. BANCROFT,
Assistant Director, Physical Training, Public
Schools, New York City.

PHYSICIAN, one who practises or is
skilled in the art of healing and in methods of
preserving and promoting health, especially one
who prescribes remedies for diseases; specifi-
cally, one who is legally authorized to practise
medicine. In the United States physicians
qualify by compliance with State requirements.
State examinations for ascertaining the fitness
of candidates for this calling are now generally
held, and to those who successfully pass them
license to practise is granted. Usually a
physician is not bound to attend any person
who may call him; but having undertaken to
treat a patient, he is liable to the penalties
of malpractice in case of injury resulting
from his own incompetence or neglect. As
between physician and patient, relations are
privileged and confidential, and a patient’s
secrets in the keeping of a physician are in-
violable, the State not even requiring them to
be made known in legal procedures. The rela-
tions of physicians to the legal fraternity and
to the legal transactions of the State form part
of the subject of medical jurisprudence (q.v.).
Consult Mitchell, S. Weir, ‘The Physician, a
Poem’ (Boston 1900); Moll, A, ¢Aerztliche
Ethik> (Stuttgart 1902) ; Mumford, J. G., ‘A
Narrative of Medicine in America’ (Phila-
delphia 1903) ; Schweninger, E, ‘Der Arzt’
(in Die Gesellsschaft, Vol. VIL Frankfort on
Main 1906) ; Taylor, A. N, ¢The Law in its
Relation to Physicians> (New York 1900).

PHYSICIANS, Ro College of, Edin-
burgh, incorporated Nov. 1681 by royal
charter; a body empowered to make laws for

promoting and regulating the practice of medi-
cine within the city of Edinburgh, town of

Leith, and districts of the Canongate, West
Port, Pleasance and Potterrow. No person
was to be allowed to practise medicine within
these limits without a license or diploma from
the college, and all medicines sold within the
same limits were made liable to be inspected
by the officers of the college, together with a
magistrate and chemist, who were authorized
to destroy all medicines which were found bad
or unwholesome. No apothecary was allowed
to open a shop until he had passed an examina-
tion before the president and cemsors of the

college. Its Fellows were freed from jury
duty. Many of the rights and practices of the
college gradually fell into abeyance, due to the
nges in customs brought about as time
passed. A warrant from the college is no
longer necessary to a practitioner; but the body
is now represented in the general medical coun-
cil established by the Medical Act of 1858. A
new charter was granted to the college EK
R‘ueen Victoria on 16 Aug. 1861, under whi
e institution operates at the present time.
In connection with the college there is a library,
founded in 1683, and a museum of materia
medica, begun in 1835. The college, since
1846, is located in its own building in Queen
street. Consult ‘Historical Sketch and Laws
of the Royal Colle% of Physicians of Edin-
burgh, 1681-1882’ (Edinburgh 1882).
PHYSICIANS, Royal College of, Lon-
don, a body whose organization dates from
1518. In that year Thomas Linacre, the cele-
brated scholar and humanist, one of the physi-
cians of Henry VIII, obtained from him, with
the aid of Cardinal Wolsey, letters patent dated
23 Sept. 1518 and incorporating all men of the
medical faculty in London as one body. Vari-
ous privileges were accorded to them, chiefly
that of prohibiting any one from practising as
a physician in London, or within seven miles of
it, unless he had first obtained a license from
this corporation. A charter granted four years
later confirmed the privileges of the body, ex-
cept that graduates of Oxford and Cambridge
were permitted to practise within the jurisdic-
tion of the college without previously being
examined by it. Various charters have been
since granted to the college, but from the pass-
ing of the Medical Act of 1858 its license has
not been necessary to those practising in Lon-
don or within seven miles around. At present
the corporation consists of a president, fellows
and members. It occupies a building in Pall
Mall East, opened in 1825. Consult Garth, Sir
S., ‘The Dispensary, a Poem’ (London n. d.) ;
Munk, W., ‘The Roll of the Royal College of
Physicians of London, 1518-1825 (3 vols,,

London 1878).
PHYSICIANS’ LIABILITY INSUR-

ANCE. See ACCIDENT INSURANCE.
PHYSICK, fiz'ik, Philip Syng, American
surgeon : b. Philadelphia, 7 ﬁ:ly 1768; d. there,
15 Dec. 1837. His father, Edmund Physick,
was an Englishman and, previous to the out-
break of the revolution, Keeper of the Great
Seal of Pennsylvania. Philip Syng Physick
was graduated from the College of the Uni-
versity of Pennsylvania in 1785, studied medi-
cine under Dr. Adam Kuhn, a well-known
Philadelphia practitioner and pupil of Linnzus
and at the University of Pennsylvania. In 1789
he accompanied his father to England where
he continued his medical studies under Drs.
Hunter, Clark and Osborne. In January 1790
he was appointed for one year to the position
of house surgeon at Saint George's Hospital,
London. In January 1791, at the expiration of
his term at the hospital, he received his diploma
from the Royal College of Surgeons in London.
Shortly after that he went to Edinburgh where
he continued his medical studies until May
1792 when he received the degree of M.D. from
the University of Edinburgh. He returned to
Philadeiphia in 1792 and began practice. In
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1793 he did valuable service during a severe
epidemic of yellow fever as the physician of a
special hospital established by the board of
health. He himself suffered a severe attack, but
recovered. His fame as a highly skilled and suc-
cessful surgeon spread rapidly. As early as 1794
he was elected one of the surgeons of the
Pennsylvania Hospital, Philadelphia, where he
performed many hitherto more or less unknown
operations. During his career he also developed a
number of surgical instruments to such a point
of J)erfection that some of them are still used
to-day in accordance with his plans. During
the repeated yellow fever epidemics of 1797,
1798 and 1799, he was again so active that
he suffered a second attack from which
he recovered only after a severe illness. In
1805 he was appointed professor of sur%ery at
the University of Pennsylvania and in 1819 be-
came professor of anatomy there, which post he
held till 1831. In 1824 he was elected president
of the Philadelphia Medical Society, continuing
as such until his death. In 1825 he was made
a member of the Royal Academy of Medicine

of France and in 1836 an honorary fellow of '

the Royal Medical and Chirurgical Society of
London. He has been styled “the father of
American Surgery” Consult Bell, John,
‘Philip S Physick’ (in ‘Lives of Eminent
American Physicians and Surgeons’> ed. by
Gross, S. D., Philadelphia 1861) ; Randol%h, J.,
¢A Memoir on the Life and Character of Philip
Syng Physick> (Philadelphia 1839).

PHYSICS may be defined as the science
of energy, of the transformations of energy
and of its relation to matter. This is an im-
perfect definition in that, first, a comprehensive
understanding of the meaning of energy involves
a complete knowledge of physics; and second,
the science of energy, in its broadest sense, com-
prehends all science, while the content of
physics is generally limited to the scope of
the topics which will be outlined below. In-
deed, in its earlier history and under its early
title of matural philosophy, physics did encom-
pass a much wider scope; but by a process of
exclusion of certain branches as they developed
into specialized sciences, such as chemistry,
astronoml‘;, metallurgy, meteorology and ge-
ology, it has been limited to its present scope;
and about 1870 its present hame of physics took
the place of the older title. This process of
separation is still going on: as, for example,
certain parts of electricity, that have heretofore
belonged to physics, are gradually being de-
veloped into the separate scienmce of electrical
engineering, as distinguished from the practice
or art of electrical engineering. At the same
time, investigation and discovery are adding
new fields to the science of physics. In its
applications and its inter-relationships, physics
lies at the foundation of all of the experimental
sciences and still assists their modern develop-
ment, to a lesser extent only than does mathe-
matics. Thus the interconnections between
physics and the other sciences, particularly
chemistry, are so intimate that it is impossible
to draw an exact line of separation, so that in
these borderlands between the sciences have
been built up new sciences which partake of the
nature of both and which have consequently
been named physical chemistry or chemical
physics, meteorological physics, physical as-
tronomy or astro-physics, etc.

Modern physics is an inductive science. Like
the other sciences, it is based upon a belief in
the %constancy of nature”; upon the belief
that the same cause, operating under the same
conditions, will result in the same effects at any
time. In order to ascertain the causal rela-
tions of physical occurrences, or phenomena,
observations are made of what conditions seem
to affect the phenomenon under study and ex-
periments are performed in which the condi-
tions are under the control of the observer, so
that they may be varied separately, in order to
determine which conditions are essential and
which are accidental. Then exact measure-
ments are made to determine the quantitative
relation between the essential conditions and
the effect resulting. This quantitative relation,
rigidly established by exhaustive experiments
and with its limitations clearly specified, is
known as a physical law. For example, it is
found that for a constant mass of gas, at a
constant temperature, the product of its pres-
sure by its corresponding volume is a constant
for most gases within a moderate range of pres-
sures; and this relation is known as Boyle’s
Law. It may be called an empirical law, in
that it represents a relationship between two
physical quantities, the explanation of which
it does not give. A study of many similar or
related phenomena suggests a generalization or
hypothesis as the explanation of them all. This
hypothesis, tested, modified and perfected by
extensive study and experimentation along lines
suggested by it and extending to allnﬁnown
phenomena to which it may have any relation
and strengthened by its use in suggesting and
predicting new phenomena, becomes a physical
theory and may later attain to the dignity of
a general physical law. Thus a further stud
of the relations between the pressure and vol-
ume of a gas and the other factors (tempera-
ture, chemical structure, etc.) which might be
related to it, led to the kinetic hypothesis of

ases and this hypothesis, suitably modified,
aving been found to be in agreement with
the phenomena it was called upon to explain
and to be still further supported by other
phenomena (such as, for example, the Brownian
movements) has become the kinetic or dynamic
theory of gases. '

Physics, as the science of energy, has its
unification in the principle of the conservation
of energy. The statement of this, in the words
of Maxwell, is: “The total energy of any ma-
terial system is a quantity which can neither be
increased nor diminished by any action between
the parts of the system, though it may be trans-
formed into any of the forms of which energy
is susceptible.® The importance of this princi-
ple and its influence in unifying and in de-
veloping physics cannot be overestimated. Just
as the development of the principle of conserva-
tion of matter unified chemisu;y and put into the
hands of the chemist a rule for measuring his
facts and for checking his theories, so the
principle of conservation of energy has become
the basic law connecting all physical phenomena,
for testing the accuracy of ghysncal experi-
ments and for checking, mpdlfrng and extend-
ing physical theory. Obvious y, a great deal
depends upon our definition of energy ana the
great importance of the conservation principle
lies in the fact that there is so simply definable
a physical function as mechanical energy which



‘PHYSICS

does remain invariant in a %closed® system;
and furthermore, that it is possible to express
quantitatively all other physical manifestations
of nature in terms of this invariant energy
function. In the paragrapns which follow, at-
tempt is made to outline the content of physics
as it exists at the present writing. It should
be again emphasized here that this content can-
not fixed for all time; that it is changing,
undergoing development, essentially dynamic in
its nature. It is at present generally divided
into the following topics, or similar ones: me-
chanics and (mechamcal)criroperties of matter
(*pure” and “physical® mechanics), sound, heat,
light and magnetism and electricity. This divi-
sion is to a great extent arbitrary, made for con-
venience in study and the modern science is
careful to recognize it as such and to recognize
the unity of relationship among all its parts.

Mechanics (or “pure® mechanics) is essen-
tially a branch of mathematics, based on cer-
tain axioms derived from physics, but its basic
importance in all branches of physical science
makes it one of the first topics included in a
study of fhysics. It is that branch of science
which deals with motion, with forces, with mat-
ter in so far as it is affected by motion and
forces i.e, mass and configuration, and with
their inter-relations. It is generally divided
into kinematics, which deals with motion b
itself ; and dynamics, of which statics deals wi
forces alone, under conditions of balance, or
equilibrium, and kinetics deals with mat-
ter in motion, as the result of the action of
forces, and with forces as producing motion.
Hydrostatics and hydraulics should be men-
tioned as important branches or extensions of
this part of the science, although often in-
cluded in the next topic.

Properties of matter ( “ﬂhysical” mechanics)
comprises the general mechanical properties of
matter in each of its three physical states—solid,
liquid and gaseous, and the laws that express
the causal relations found to exist among them.
It includes also all of the distinctive data
and physical constants obtained by experimenta-
tion with different kinds of material.
gravitation, buoyancy, gas laws, elasticity, vis-
cosity, diffusion, osmosis and surface tension
are some of the important sub-topics of this
subject. Other divisions of the subject are
often made, in order to present some particular

or view-point: as, for example, division
into *mass® mechanics and “molecular® me-
chanics.

Although wave motion is, in its mathemati-
cal development, properly a branch of “pure®
mechanics, it is generally included with, or
placed just before, the subject of sound, since
in sound waves and in the vibrations of sound-
ing bodies (stretched strings, rods, bells, air
columns, etc.), there exist the most perfect and
tangible examples of such motion. And, aside
from a study of the physical characteristics of
audible sounds, particularly musical sounds and
their physical relations in the musical scale and
in musical composition, and quite recently, vowel
sounds and other sounds occurring in articulate
speech, the study of sound is the study of a
typical wave motion, whose characteristics (re-

ection, refraction, interference, etc.), may be
easily demonstrated on a convenient scale. The
practical importance of the applications of the
physics of sound, in the design of sound-pro-
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ducing and reproducing instruments, and in the
design of auditoriums and similar public halls,
has attained to considerable recognition and
emphasis in recent years. Descriptions of the
mode of production of vocal sounds, and of the
mechanism of audition, is usually included in a
general treatise on physics, although they now
more properly belong to the respective domains
of physiology and of the new (experimental)
psychology.

The sub-topics of heat, given in the
usual order, are thermometry, thermal ex-
pansion, calorimetry, change of state, transfer-
ence of heat and thermodynamics. Ther-
mometry covers the usual empiric methods of
temperature measurement; e idea of the
Kelvin or thermodynamic (absolute) tempera-
ture scale is left to the proper section of
thermodynamics. Thermal expansion includes
the experimental determination of the empirical
relations existing between physical dimension
and temperature for different materials, and the
principles and constants thus determined are of
considerable importance to the design of all
kinds of machinery and construction, and are of
vital importance in physical mensuration and
chronometry.

Calorimetry and changes of state deal with
measurements of %uantities of heat. Although
arbitrary units of heat quantity (calory, British
thermal unit, etc.), are most frequently used,
the establishment by Joule and others of the
exact equivalence between heat quantity and
mechanical energy has made the use of energy
units (erg, joule, etc.), increasingly more com-
mon. The experimental work consists largely
in the determination of specific heats (latent),
heats of changes of state (fusion, vaporization,
etc.), and of solution, combustion, etc.; and in
the study of the physical phenomena which ac-
company change of state, such as change of
volume, of specific heat, of color, etc.,, and of
the effects of all the possible external factors
which may affect or change the conditions of
change of state. The values of these physical
quantities and relationship for the pure ele-
ments and for their compounds has assumed
such importance in chemical theory and prac-
tice that their determination has become an im-
portant part of the borderland science, physical
chemistry. The study of change of state has
made valuable use of thermodynamic reasoning,
and among the important developments result-
ing in recent years should be mentioned the ob-
tainment of nearly all of the normally gaseous
elements and compounds in liquid form, and in
many cases in sold form and the production of
extremely low temperatures by their means.
Transfer of heat may be accomplished by three
different methods — conduction, convection and
radiation : the first two methods depend for their
operation upon intervening material media and
are properly a transfer of heat energy as such;
while the third is a type of electro-magnetic
radiation, and is more completely treated under
that heading.

Thermodynamics, as the name implies, is
involved whenever there is a transfer into heat
energy of any other form of energy, or vice
versa; and for the investigation and study of
such phenomena there have been developed cer-
tain general relationships, theorems and methods
of treatment, which, taken together in their
proper arrangement, form a peculiar and dis-
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tinct mathematical branch of science which
we may designate as “formal” thermodynamics,
to distinguish it from the broader field of gen-
eral thermodynamics. The applications of this
thermodynamic reasoning are found in eve

branch of physical and chemical theory, includ-
ing electrical, electro-chemical and radiation

theory. . .
The best-known of the relationships of
“formal” thermodynamics are the Carnot

theorem and the Kelvin or thermodynamic tem-
perature scale. The latter furnishes a tem-
perature standard which is independent of the
physical properties of any physical substance,
while the two together not only furnish a cri-
terion for the efficient performance of any heat
engine (steam, gas, etc.g, the purpose for which
they were originally developed, but are also
the basis of relationships connecting the factors
involved in change of state (e.g., the Clapeyron-
Clausius equation), thermo-electricity, solution
and innumerable other physical and physico-
chemical phenomena, Certain special thermo-
dynamic functions such as entropy, which is
the common one, have been formulated to
simplify the mathematical treatment of these
problems. General thermodynamics includes, in
addition to the reasoning of “formal” thermo-
dynamics and the applications mentioned above,
a thorough study of the relations connecting
the mechanical and thermal conditions of matter
in the different states, and in the transition
states: such as, for example, the relation of
pressure and specific volume to the temperature
specific heats, heat of transformation, etc., an
their interpretation according to thermodynamic
reasoning. The idea of a “perfect” gas, and
the evolution of the kinetic or dynamic (mole-
cular) theory of gases, are logical developments
of this section of physics. In recent years the
methods of “statistical® mechanics which have
been developed for the study of certain types
of thermodynamic problems have met with con-
siderable success in the study of the “dynamic?
theory and of radiation theory. The many ap-
plications of thermodynamic theory and rea-
soning in heat-power engineering, physical
chemistry and other fields, might properly be
classed as applied or technical thermodynamics.
Light is a form of radiant energy capable
of stimulating the nerve termini of the retina
of the human eye. Two well-defined methods
of study are generally recognized. To a limited
extent, its phenomena may be studied, and
simple laws for its reflection and refraction by
mirrors, prisms and lenses be deduced, without
reference to the physical nature of light energy,
or of its propagation. This is the method of
eometrical optics, as distinguished from phys-
ical optics; and it suffices for the design of
cameras, telescopes, surveying instruments,
range finders, etc., and for most of the work
of perfecting the optical surfaces of the lenses
used in such instruments (to make them achro-
matic, anastigmatic, aplanatic, etc.), although
intelligent work in this field is now guided by
a knowledge of many of the phenomena which
come within the scope of physical optics. In
physical optics, the phenomena of light are
studied for the purpose of determining the
nature of light energy and of its propagation,
and of its relation to other forms of energy.
Lately this has extended to the study of the
nature of the bodies that produce light, and as

well, of those that reflect, refract or otherwise
modify its character or propagation. Study of
the phenomena of interference, of diffraction,
of transmission in finite time, and of polariza-
tion, established the theory (the wave theory)
that light energy is propagated through space
as a transverse wave motion at a finite, though

‘incredibly hiﬁh, velocity. ~ Spectral color is
w.

identified wit ave length. Later investiga-
tions have identified light radiation as that part
of electro-magnetic radiation whose wave
lengths are capable of exciting the visual sense.
The wave theory of light gives a clear and
loaical explanation of all of the phenomena of
reflection and refraction, and in addition, has
disclosed physical limitations to the clearness
of the optical images produced thereby, other
than the limitations to the perfection of the
optical surfaces, the knowledge of which has
done much toward the perfection of such optical
instruments. Furthermore, the development of
apparatus for the demonstration and study of
the phenomena peculiar to physical optics has
resulted in the invention of many new and valu-
able physical instruments — interferometers,
diffraction gratings, polarimeters, etc.— which
open up new fields of knowledge and study,
and permit of the measurement of many physi-
cal quantities, both new and old, to a previously
unheard-of degree of accuraey.

The study of the spectrum has proven a most
fruitful field of endeavor: to the physicist, in-
tent on knowing the structure of the molecule
and the atom, it has suggested some of his best
ideas; while to the chemist is given the ability
to identify the minutest quantities of elements,
by examination of emission, transmission (ab-
sorption), and reflection spectra; and to the
astronomer starlight has revealed, in its spec-
trum, the. composition, and sometimes the
motion, of its celestial source. Photometry, the
measurement of the brightness of luminous
sources and of illuminated surfaces (illuminom-
etry), is a branch of the applied science,
developed by the physicist and psychologist in
close co-operation, which is of great import-
ance to the physical investigator, as well as to
the illuminating engineer.

Electricity and magnetism are nowadays
treated as a single subject, although in its
earlier stages of development, different types of
electric and magnetic phenomena were studied
as magnetism, static electricity (electrostatics),
and current electricity (electrokinetics), and it
was only after considerable, later work that the
close relationship between them was recognized,
as manifestations of the same form of energy.
The division is still made for convenience in
many treatises, particularly by those who favor
the historical method. Magnetism covers the
properties of permanent magnets, and the phe-
nomena of magnetic fields produced by such
magnets. Many of the problems of terrestrial
magnetism may be considered on the assump-
tion that the earth is a huge magnet, without
regard to its source of magnetization, and most
of the methods of magnetic survey have been
developed under this heading. The magnetic
properties of para-magnetic and dia-magnetic
substances (permeability, hysteresis, etc.) may
be considered here, but are more generally
included as a part of electrokinetics, under the
sub-topic of electro-magnetism. The “mole-
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cular® (Ewing’s) theory of magnetism is here
used to explain the facts, although its complete
development also properly belongs to the later
section.

The quantity factor of electrical energy is
electric charge; the intensity factor is electric
potential difterence. The presence of electric
potential difference across a non-conductor
(dielectric) produces what is often described as
a piling up on the opposite boundaries of the
dielectric of equal and opposite quantities of
electric charge (Maxwell’s explanation of this,
as 2 momentary displacement of electric charge
across the dialectric is believed at present to be
a more rational one) ; and this results in a state
of strain, described as a field of electrostatic
force, throughout the dielectricc. The presence
of electric potential difference across a con-
ductor produces a continuous displacement or
“flow® of electric charge across the conductor
which constitutes an electric current, and which
is accompanied by a state of magnetic strain or
a field of magnetic force in the conductor and
in the surrounding space. Study of the phe-
nomena of the electrostatic field constitutes
electrostatics, while that of the phenomena ac-
companying electric flow or current constitutes
electrokinetics. The latter topic has proven
to this time far the more important, althoug]
the modern physics, both in theory and in prac-
tice, has been forced more and more to consider
the electrostatic phenomena which accompany
current flow; as for example, in electro-mag-
netic radiation theory and its applications in
wireless communication, in the theory and the
applications of gaseous conduction, and in the
design and operation of long distance, high
potential transmission lines.

Electrical energy becomes manifest to our
senses only indirectly, as it is transformed into
other forms of energy, such as heat energy,
chemical energy and mechanical energy; the
last most often through the intermediary of
electro-magnetic force action. And the methods
of measurement and of utilization of electrical
energy are indirect, measuring and utilizing the
transtormed energy. On the other hand, elec-
trical energy is produced by the transformation
of the other forms of energy into electrical
energy, and the commercial utilization of elec-
tricity became practicable only after the inven-
tion of dynamo-electric machinery, which
made possible the efficient transformation of
mechanical energy into electrical energy; the
other methods of production being too limited
and costly. Too numerous to mention are the
inventions and. practical applications of elec-
tricity to the needs of humanity: in communi-
cation, from the earliest telephone and the first
Atlantic cable to the wireless telegraph and
telephone of to-day and to-morrow; in illumi-
nation, where electricity has revolutionized the
world’s lighting methods; in power transmis-
sion, which has made })ossible the utilization of
the least accessible of the world’s power re-
sources; in power application, from the largest
motors to the smallest motors for fans and
toys; in chemical production —the whole de-
velopment of electro-chemistry; in medicine,
as in the applications of X-rays; and in liter-
ally millions of other ways, in every conmceiv-
able field, electricity is serving humanity. The
development of the production, transmission

and utilization of electric power constitutes the

business of the electrical engineer. A complete
outline of this quite modern, but already very
extensive subject, with its relations to electro-
chemistry and electrical engineering, will be
found elsewhere in these volumes. The most
recent developments of electrical science in the
way of advancement of knowledge of the nature
of electricity itself are so epochal, so extended
and so far-reaching in their bearing on all other
physical theory, that their consideration is
properly left to the paragraphs that follow.

ecent Developments.—Although develop-
ments of major importance have been made in
all fields of the science, yet certain lines of
investigation have extended so far, and have
established such profound unifying principles,
as to justify their recognition as new sections
of physical science. The first of these is Elec-
tro-magnetic Radiation. Maxwell’s mathemati-
cal theories of electricity indicated the possi-
bility of the propagation of energy through
space as electro-magnetic wave motion; a pos-
sibility that was experimentally verified by
Hertz. The velocity of these “Hertzian® waves,
which have since been applied with such great
success to “wireless® communication, was found
to be the same as the velocity of light: and
from this followed directly the recognition of
the identity of light radiation, of heat radia-
tion, and of those regions of radiation of
frequencies above and below those correspond-
ing to visible light, respectively called ultra-
violet and infra-red “light® or radiation, as all
one and the same type of radiation, differing
only in frequency and in methods of detection;
while the discovery of X-radiation (and gam-
ma-radiation of radio-active materials) has
extended our knowledge of electro-magnetic
radiation to what seems to be the extreme up-
per end of the frequency scale. The importance.
of this unifying principle, in connection with
the others to be mentioned later, to the compre-
hension of light phenomena can only be sug-
‘gested here; the study of light is now the stu
of electro-magnetic radiation; and theories
advanced to explain its phenomena may be
tested, not only throughout the little more than
an octave of frequencies comprised by the vis-
ible spectrum, or even the much greater range
available when the ultra-violet and infra-red
regions are included, but throughout the innu-
merable octaves included between the longest
Swireless® rays and the shortest gamma rays.
Big unexplored intermediate gaps still exist in
the “spectrum® of radiant electrical energy, due
to the lack of suitable detectors or of known
radiators for those regions, which leave ample
opportunity for future investigation. In this
field of study belong also the phenomena of
fluorescence and phosphorescence, which, to-
gether with those of the “characteristic® X-radi-
ation, form a fascinating field of complex
radiation phenomena, whicg seem to hold many
of the secrets of the structure of matter.
On the theoretical side, mathematical theories
to account for the phenomena of thermal radia-
tion have been developed by Stephen, Wien,
Planck and others, and the &‘:quantum theory,®
first advanced by Planck, and later modified by
himself and others, has aroused widespread in-
terest both on account of its revolutionary sug-
gestions, and because of its wide application
and remarkable agreement with many experi-
mental facts.
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Another field of investigation is that
which began with the study of electric dis-
cha:ge through rarified gases, and which has
reached its present culmination in the modern
electron theory (q.v.) of electricity. On the
practical side, the toy of the scientist, the
“vacuum® tube, has proven the progenitor of
the X-ray tube, the “vacuum? tube so essential
to “wireless® apparatus, the thermionic rectifier,
21d many other valuable devices. The work of
J. J. Thomson, C. T. R. Wilson, Millikan, and
others has shown that the “electrons® or car-
riers of negative electricity in the “vacuum®
tube discharge, are invariably associated with
a fixed amount of charge; and that this charge,
whose value has been determined with great
accuracy, is the “elementary” electric charge, of
which all other charges are exact multiples.
And this conception of electric charge, together
with Maxwell’s theory of electric fields, pro-
vides a rational basis ?(;f the study of all of the
electrical phenomena of conduction, thermo-
electricity and the like, as well as of the
phenomena whose existence has been revealed
to us through this theory, such as thermionic
currents, photo-electricity, ionization in gases,
etc.

Still another field of both theoretical and
experimental development is that in which at-
tempts have been made to develop theories of
the structure of matter. The dynamic theory
of gases, previously quite fully developed, has
been further advanced by ideas derived from
progress in other fields and extended to explain
many more phenomena. The discoveries in
radio-activity, disclosing as they have the ex-
istence of atomic disintegration, reveal a new
complexity of atomic structure, and at the same
time suggest a simplicity of atomic constituents,
.which, together with the knowledge already
gained by the observation of the behavior of
electrons in “vacuum® tube discharge, has
stimulated many serious attempts to build up
an electric atom, consisting of some form of
positively charged nucleus about whose centre
electrons circle or vibrate at very high fre-
quencies. As is to be expected, only very
partial success has been obtained in devisin
such an atom that will be in accord with all o
the known atomic phenomena, such as the
phenomena of radiation and of electricity, and
which will at the same time have all of the
necessary chemical properties. But many iso-
lated phenomena, such as dia-magnetism and
the Zeeman effect, have already been given very
satisfactory explanations in this way, while
promising attempts have been made towand the
explanation of many other phenomena. as for
example, para-magnetism and thermal radia-
tion (“magneton” and “quantum?® theories), and
many chemical phenomena, such as valency and
electrolysis, can now be seen clearly to be
electro-atomic in their nature. No one can
prophesy the future of this class of investiga-
tion. In another direction, the discovery that
X-ray wave lengths are comparable with the
distances between the atoms in a crystal has
enabled Bragg and others to study the struc-
ture of crystals, and not only to verify the
regular arrangement of the atoms, which had
been guessed at previously, but as well to de-
termine the exact positions and spacing of the
atoms in a great many simple crystals: a work
which is gradually extending to the analysis of
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more and more complex crystals, Whither will
it finally lead? As the science grows the range
of its knowledge and of its usefulness ever
widens, yet at the same time it centres closer
and closer around one great problem. Has the
problem of the science of energy become that
of answering the question, “What is matter?®
Quite probably. But experiment shows that the
mass of a moving electron is partly, and may
be wholly, electro-magnetic, and thus there is
more than a suggestion of the possibility that
matter is energy.

Historical.— The history of science, prop-
erly written, is more interesting than the his-
tory of wars and empires: for it tells the story
of the development of human ideas. Yet in
spite of this, very few histories of science are
to be found. Only a brief outline of the his-
tory of physics may be given here; and, aside
from the few references given in the bibliogra-
phy below, further knowledge of the history
of physics must be gleaned from the biogra-
phies and writings of the men whose names are
famous for their scientific achievements.
Physics, in common with the other sciences,
may trace its origins to remotest antiquity; but
its modern development, which began with its
recognition as an experimental science, dates
from about the 16th century. Although the
knowledge of the ancients of civilization — the
Greeks, Romans, Egyptians and Arabians —
comprised many isolated scientific discoveries
and inventions, and while the writings of their
philosophers often turned toward the explana-
tion of them, yet it cannot be said that the
ancients made any appreciable contributions
toward the advancement of science; certainly
none comparable with their contributions to
other fields of thought. While it can be said
that the authority of their master philosophers,
such as Aristotle, stood a formidable barrier to
scientific advancement for centuries, the con-
fused and intimate relations between scientific,
metaphysical and mystical ideas, combined with
an inexplicable disregard of experiment as a
means of interpretation of nature, opposed any
real advancement. The achievements of Archi-
medes in the fields of statics and hydrostatics
stand among the few solitary exceptions that
foreshadow the modern scientific viewpoint.

During the Middle Ages much of the scien-
tific knowledge of the ancients was ircetrievably
lost, and most of that which survived lay dor-
mant. The supreme authority of Aristotle
among the olastics, and their syllogistic
methods of reasoning, prevented any advance-
ment of physical science by them. Only the
alchemists, whose secret work must have dis-
covered (and lost) many a scientific truth; and
a few inspired men among the scholastics, such
as Roger Bacon, kept alive the spark of prog-
ress that burst into flame in the later Italian
Renaissance with the work of Galileo Galilei.
Galileo’s experimental studies of the motion of
falling bodies are the first of their kind, and
may truly be said to date the beginning of mod-
ern science; although the studies in magnetism
of his contemporary, William Gilbert, are
scarcely less epochal. From then on the op-
position and persecution. which had so hindered
progress on the part of Galileo and his prede-
cessors, weakened and finally broke down, and
the development of the new science progressed
rapidly. The history of the science can for a
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while now be outlined by mentioning great
names. Torricelli, Pascal, von Guericke, and
later Boyle, Mariotte and others discovered in
quick succession the properties of the atmos-
phere and of gases and extended and unified
the knowledge of hydrostatics. Huygens laid
the foundations of physical optics, although
building on them was deferred until nearly a
century later, The list culminates in the name
of Newton, who, born in the year that Galileo
died, built upon the work of Galileo, and gave
us our complete system of mechanics in his
Principia,” published in 1686-87. His experi-
mental investigations in light added greatlz to
the knowledge of that subject, although here
he was unfortunate in his theoretical reasoning.

During a period which includes the 18th cen-
tury and the early part of the 19th century, the
spread of popular interest in experimental sci-
ence, already noted in the foundation of the
Royal Society of London in 1662, of the
Académie des Sciences at Paris in 1606, and of
the corresponding society at Berlin in 1700,
stimulated scientific effort to an extent which
made this period pre-eminently one of scien-
tific discovery. The names of Franklin, Caven-
dish, Black, Young, Fresnel, Galvam, Volta,
Ohm, Ampére, Gauss, Davy and Faraday repre-
sent only a part of those whose brilliant dis-
coveries and clear thinking brought about such
rapid advances in all branches of physice. Some
of these, such as Franklin, Cavendish, Black and
Davy, are to be recognized as men also promi-
nent in other and now far separated activities.
This versatility is better understood when it is
remembered that it was only after the discov-
eries of this period had added so much to the
knowledge of natural philosopl:g, as all of
physical science was then called, that its differ-
entiation into specialized sciences — physics,
chemistry, etc.—began; and that, even after
chemist?' obtaine individual recognition,
physics formed the major portion of what re-
mained, and was known as natural ’ﬁ‘hiloso hy
for considerable time thereafter. e Indus-
trial Revolution in England about 1770, brought
about as it was by scientific discoveries such as
those which resulted in the invention of Watt's
steam engine, had a profound reaction on scien-
tific discovery in the 19th century.

The discovery of electro-magnetic induction
by Faraday in 1831 made possible the invention
of the o, whose commercial importance
was at once recognized, and developments of
commercial applications of electrical energy took
place with great rapidity. In another directiona
new tendency is to be noted in the establish-
ment, during the first half of the 19th century,
under the leadership of Helmholtz, Mayer,
Rumford and Joule of the principle of con-
servation of energy and of its universal appli-
cation. William Thomson (Lord Kelvin) was
an important participator in this work, which he
carried further by applying the principle to the
co-ordination_and extension of the theory of
thermodynamics which had been so ably begun
by Carnot and his contemporaries.

These two points of depanture along new
and divergent lines of development, between
which experimental investigation continued to
flourish, mark the beginning of the modern pe-
riod of science. The history of the commercial
side is initiated by a remarkable series of bril-
liant inventions such as the telegraph, telephone,

trans-Atlantic cable, incandescent lamp, electric
traction, etc.; and its later details long to

electrical engineering. On the purely scientific

side, development has been no less rapid, thoug’h
until recently, less spectacular. Maxwell’s
genius early shaped the course of all later theo-
retical reasoning in electridg; and light, while
Kelvin developed much of the apparatus now
used in electrical measurements. Joule, Ama-
gat, Andrews and others continued the experi-
mental studies begun by ‘Charles and Regnault
of the properties of gases, where later a spec-
tacular result was realized in the liquefaction
of air and other gases.

The history of the later developments of
this period has been touched upon in a previous
section. Few discoveries stand out in their en-
tirety as do the discoveries of X-rays by Roent-
gen in 1896, of radio-activity by Becquerel the
same year, or of radium by the Curies in 1898,
The developments have been so varied, and
much of the advancement has been by a process
of growth through the combined efforts of so
many men, that it must be left to the historian
of 100 years hence to look back over this period
and groperly to adjudge its achievements.

Bibliography.— No attempt is here made to
even begin to give a complete bibliography of
the science. This would be impossible. The
following lists contain references to only a
representative few of the more recent and
more important publications in English, except
that a fairly complete list of periotficals is
given. Only general treatises are mentioned.
For further study recourse should be had to
the treatises covering the special topics of
physics, and for these the reader is referred to
the bibliographies under the corresponding arti-
cles included elsewhere in these volumes.

HistoricAL— Cajori, F, ‘A History of
Physics’; Barus, C’.. (Progress of Physics in
the Nineteenth Century’; Schuster, A., ‘Prog-
ress of Physics, 18751908’ ; Williams, H. g..
¢A History of Science,’ and also ¢Nineteenth
Century Science’ ; Sedewick, W. T., and Tyler,
H. W., ‘A Short History of Science.’

GENERAL Elementary.—Carhart, H. S, and
Chute, H. N., ‘Physics with Ap?hpatwns’ ; Mil-
likan, R. A, and Gale, H. G,, ‘First Course in
Physics’ ; Lynde, C. J., ‘Physics of the House-
hold.> Advanced.—Ames, J. S., ‘Text Book of
General Physics’ ; Carhart, H S., “College
Physics’ ; Crew, H., ‘College Physics’; Duff,
A. W., “Text Book of Physics’ ; Kimball, A, L.,
‘College Physics’ ; Watson, W., {Text Book of
Physics’ ; Poynting, J. H,, and Thomson, J. ;.,
(Text Book of Physics> (3 vols., incomplete) ;
Franklin and McNutt, ‘Elements of Physics’
(3 vols.); Edser, E.,, ‘General Physics and
Sound, Heat and Light’; and Hadley, H. E,,
(Magnetism and Electricity? (a uniform set
of four volumes which form a complete text-
book of physics).

PeriopiCALS.—American  Journal of Sci-
ence; Proceedings of the American Phslosoph-
tcal Socsety; Annalen der Physik; Archives des
Sciences; Astrophysical Journal; Bulletin of
the Bureau of Standards; Comtes Rendus;
Journal of the Franklin Institute; Journal de
Physique; Nature; Nuovo Cimento; Proceed-
irgs of the National Academy o/ Sciences;
Philosophical Magaczine; Physical Review;
Proceedings of the Physical Society of Lon-
don,; Physicalische Zestschrift; Philosophical
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Transactions of the Royal Society of London;
Proceedings of the Royal Socsiety of London;
Science Abstracts, Section A; Scientific Amer-
scan; Science; Journal of the Washington
Academy c:l‘ .S‘ciencex; Zeitschrift fur Instru-
mentenkunde.

THOMAS BENJAMIN Brown,

Ge[o)rgé Washington University, Washington,

PHYSIOCRATIC SCHOOL, in political
economy, a school in France headed by Ques-
nay (q.v.) and Gournay (q.v.), who, in opposi-
tion to the Mercantile System, regarded the
production of raw materials, and more espe-
cially agriculture as the great source of national
well-being, and sought to regulate legislation
accordingly, laying special stress on the require-
ment that the revenues of the state ought to be
raised by a single tax on land. See PoLriticAL
EconoMy.

. Bibliozngh .— Cheinisse, ‘Les Idées Poli-
tiques_des Physiocrates’ (Paris 1914) ; Daire,
E., (Physiocrates> (2 parts, Paris 1846);
Giintzberg, B., ‘Die Gesellschafts- und Staats-
lehre der Physiokraten’> (in ¢Staats- und
Volkerrechtliche Abhandlungen,”> Vol. VI, No.
3, Leipzig 1907); Guyot, Y., ‘Quesnay et la
Physiocratie> (Paris 1896); Hambloch, G.,
‘Die Physiokratische Lehre von Reinertrag und
Einheitssteuer’ (Bonn 1905) ; Higgs, H., ‘The
Physiocrats> (London 1897); Kniess, C., ed.,
Carl Friedrichs von Baden Brieflicher Verkehr
mit Mirabeau und DuPont’ (2 vols.,, Heidel-
berg 1892) ; Landauer, K., ‘Die Theorien der
Merkantilisten und Ph(ysiokraten etc.” (Munich
1915) ; Quesnay, F.,, ‘Euvres Economiques et
Philosophiques’ (ed. by A. Oncken, Frankfort
on Main 1888) ; Rivaud, E., ‘Henry George et la
Physiocratie’” (Paris 1907) ; Schelle, G.,, ‘Du-
Pont de Nemours et I'Ecole Physiocratique’
Paris 1888) ; Sécrestat-Escande, G., ‘Les Idées
conomiques de Vincent de Gournay’ (Bor-
deaux 1911); Weulersse, G., ‘Le Mouvement
Physiocratique en France, 1756-1770° (2 vols.,
Paris 1910).

PHYSIOCRATS. See EcoNoMics.

PHYSIOGNOMY (Greek, pl‘ﬁrsiognomo-
nia, literally, the judgment by bodily appear-
ance), the art of judging character from the
countenance. We are generally impressed at
first sight favorably or unfavorably, in regard
to the temper and talents of others, by the ex-
pression of their countenances. As the face is
that part of the body in which the noblest ex-
ternal organs are united lt)ﬁ' which men put
themselves in contact with the world, and, for
various reasons, show most of their character-
istic traits, it has been made the particular ob-
ject of study by the physiognomist. Arisfotle
was the first known physiognomist. He ob-
served that each animal Kas a spccial instinct;
the fox cunning, the wolf ferocity, etc., and he
concluded that men, whose features resemble
those of certain animals, will have the quali-
ties of those animals. Battista della Porta, in
his work ‘De Humana Physiognomia’ (1586),
revived this theory and carried it out further.
The French painter Lebrun, in the 17th century,
exccuted a series of pictures founded on the
resemblance between the human figure and
that of animals; and his theory was also adopted
and illustrated by Tischbein, a German painter
of the 18th century. The physiologist Camper

sought new data in a comparison of the heads
of different types and decided the degree of
intelligence belonging to each from the facial
angle. Lavater was the first to develop a com-
plete system of physiognomy, which included
all the relations between the physical and moral
nature of man. (See LAVATER). As the ex-
pression of the face depends very much upon
the formation of the skull, physiognomy is
connected with craniology. Among the chief
points in physio| omd\:, Kant, in his anthropol-
ogy, reckons—(1) the general formation of
the face, particularly in the profile; 'S‘Z) the
individual features of the face; Y3) the mo-
tions of the face, as far as they have become
habitual; also the walk, etc. Kent and others
think that physiognomy can never be elevated
to a science. It is, however, a subject of great
interest; but the student must be on his guard
against a general application of its formulated
rules. Even Lavater’s system lasted but a
short time, though he has collected valuable
materials. ' In the 19th and 20th centuries the
subject has been taken up in a more scientific
way by physiologists and psychologists and a
very extensive literature has come into exist-
ence. A great deal of the latter, however,
especially in recent years, is of the popular-
scientific type and ought to be used with comn-
siderable care in regard to the correctness of
its lc?‘o‘t;;:‘lusxonsi.
iblio, y.— Aguirre de Venero, ‘New
System oﬁgxysiognomy’ (New York 1865);
Aristotle, ‘History of Animals and a Treatise
on Physiog'nomé’ (translated by T. Taylor,
London 1809) ; Bell, Sir Chas., ‘The Anatomy
and Philosophy of Expression as Connected
with the Fine Arts> (5th ed, London 1865);
Borée, A., “Physiognomische Studien’ (Stutt-
rt 1899); Cyril, V., and Berger E., ‘Les
étes Baissées” (Paris 1914) ; Darwin, Charles,
¢The Expression of Emotions in Man and
Animals’ (London 1872); Fosbroke, G. E.
(Character Reading through Analysis of the
Features> (New York 1914) ; Krukenberg, H.,
Der Gesichtsausdruck des Menschen’ (Stutt-
gart 1913); Lavater, J. C, ‘Essays on Phys-
xc(-lgnomy’ (translated by T. Holcroft, 13th
ed., London 1867); ‘L’Art de Connaitre les
Hommes par la Physionomie’ (10 vols., Paris
1820) ; Mategazza, g,, Physiognomy an -
pression’ (London 1892); Redﬁel)t'i, J. W,
“Comparative Physiognomy’> (New York 1853) ;
Simms, J., ‘Physiognomy Illustrated’ (10th ed.,
New York 1891); Stanton, M. O., ‘Physiog-
nomy’> (San Francisco 1881); ‘A System of
Practical and Scientific Physiognomy? (Philadel-
ﬁhia 1890) ; ‘Encyclopedia of Face and Form
eading’ (Philadelphia 1895); Warner, F.,
(Physical Expression’> (New York 1886);
Waynbaum, I, ‘La Physionomie Humaine’
(Paris 1907).

PHYSIOGRAPHY (Greek, physis=na-
ture + graphia = description), has_been vari-
ously defined. By many it is considered to be
synonymous with geomorphology or geomorph-
cgeny. In this sense it may be defined as the
science which treats of land forms and their
origin. On the other hand it is considered by
many as equivalent to physical geography, and
a rccent authority has defined it as “that sci-
ence which investigates the physical features
of the earth and their influence on life, espe-
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cially man® The geologists in general tend to
favor the former idea; the geographers the lat-
ter. In the modern development of the subject
there is a strong tendency to emphasize the
more purely geographic aspects of the science;
or, as some one has said, to humanize it.

Physiography has been called the latest chap-
ter in geology, a very apt phrase when applied
to geomorphology proper. It covers largely the
same subject matter treated in dynamical geol-
ogy, namely, the processes and forces now
operating to modify the earth. Physiography,
however, investigates these facts, as a key to
the study of human progress; dynamical geol-
ogy because it is only in the light of the proc-
esses now in operation that we can interpret
the history of the past, as locked up in the
rocks.

Change of seasons, tides, wind circulation
and their geographic relations are so directly
dependent on astronomic considerations that a
preliminary study of the earth in its relations
to the universe is essential to physiography.
Because of the activity of atmospheric agents in
shaping land forms, physiography is often pref-
aced with a brief study of meteorology and
climatology, with special reference to wind,
temperature and rain, their cause and distri-
bution. A brief study of rocks and minerals
is also necessary, since it is possible to under-
stand the activities shaping the earth’s crust
only when we know something of the nature
of the materials upon which these forces act.
The subject is not infrequently divided under
the headings of the atmosphere, the hydro-
sphere and the lithosphere.

The Atmosphere.— For a discussion of the
composition and direct geologic activity of the
atmosphere as a weathering agent see the sec-
tion on Work of the Atmosphere in the arti-
cle on Georogy. In addition to these factors
more important considerations to the geog-
rapher are winds, temperature and rainfall.
The great wind belts are shown to be the result
of excessive heating in the equatorial regions,
causing the air drifts from the poles toward the
equator, and this is modified by the earth’s
rotation giving belts of winds and calms. Un-
e?ua] heating of land and water and the trend
of mountain ranges modify the planctary wind
belts and give local variations. Temperature
depends primarily on latitude, but temperature
belts are modified by proximity to oceans or
large lakes, and by the effect of mountain
ranges on wind direction. Precipitation is
largely dependent on wind movements. In the
equatorial belts of calms where the air is rising
and cooling, rain is abundant. Deserts are
the rule in the horse latitudes, where the air
is descending and becoming warmer. Winds
blowing over high mountains are forced to give
up their moisture on the windward side, and
are dry winds beyond the mountain ranges.
The physiographer is concerned with all these
facts in their effect on man and his activities
both directly as the sum total of climate, an
indirectly in shaping land forms. See AIr;
Winp; CriMATE; GeoGrAPHY and GEOLOGY.

The Hydrosphere.— The geologic aspects
of the waters ol the earth’s crust have becen
discussed in the sections on Work of Oceans
and Work of Lakes, in the article on GEoLoGY.
See also Oceans and LAKES.

The ocean as an equalizer of climate is of

interest to the physiographer, since it is a well-
known fact that regions near the ocean do not
have the extremes of temperature that exist in
the interior of continents. Ocean currents are
important in this respect. The warm Gulf
stream and the cold Labrador current account-
ing respectively for the equable climate of
England and the bleakness of Labrador. The
ocean as a highway for human traffic and as a
source of human food are within the scope of
f:hysical geography. The smoothness or irregu-
arity of shore lines, which results from geo-
logic processes, determine the nature of har-
borage. Still within the scope of the physiog-
rapher’s research but less directly, so are the
processes of sedimentation going on in the
ocean, since these control in part the types of
rocks with which man has to deal on the earth's
surface.

The Lithosphere or Solid Earth.—As the
home of man and the source of most of the
products he utilizes, the lands hold the largest
place in the research of the physiographer.
Here he is faced with two problems; a s:‘t;c‘lf'
of the origin of land forms, and the determi-
nation of the influence of land forms on man
and his pursuits. The first of these problems
has already received attention in the section on
Dﬁmamical Geology, under title of GeoLoGy.
The second will be briefly considered below.
The major relief features of the lands are
plains, plateaus and mountains, and each has its
own characteristic effect on life of all kinds.

Plains.— Plains are of several varieties.
Coastal plains lie between the shore line and
the higher, often mountainous, interior. A
typical example is the Atlantic coastal plain.
Not all coasts have such plains, but when they
do, the region is usually one recently emerged
from the sea. It is likely, therefore, to have
long straight coasts and few harbors. A slight
recent sinking of parts of the Atlantic Coast of
the United States has fortunately resulted in
good harbors. Because coastal plains are re-
cently emerged sea bottom, and because when
submerged they were being overspread with sand
deposits their soil is frequently sandy. The
Atlantic Coasta]l Plain has large stretches of
infertile soil, but because it faces America’s
greatest market — Europe, and has good har-
bors, it has undergone rapld development. Flood
plains and delta plains on the larger rivers
are often very extensive. The rivers are slug-
§ish, carrying little coarse sand or gravel, and

rom year to year in time of flood they have
spread out broad layers of fine rich soil until
ey comprise some of the richest agricultural
lands of the world. They are usually densely
populated with an intelligent and progressive
class of people. Their most serious draw
is from flooding, which takes toll of many lives,
and millions of dollars’ worth of property each
year, on the great flood plains of the world,
like thosc of the Mississippi, Nile, Ganges,
Danube and the Hoang Ho. Many other types
of plains are known, and each has its character-
istic relation to human activity.

Plateaus. Plateaus are elevated plains, usually
bordering or enclosed by mountain ranges. For
this reason they are often cut off from rain-
bearing winds and are semi-arid, as our western
“Great Plains,® (more properly spoken of as
plateaus) and the Columbia Prateau; or truly
desert, as most of the “Great Basin,® which is,
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properly speaking, a plateau carrying mountain
ranges on its extensive surface. Some of the
very elevated plateaus, such as the Colorado
Plateau, rise so high that, even in the midst of
deserts, they receive enough rain to support
splendid forests. Because of their great eleva-
tion and sometimes due to their aridity and
isolation by mountain chains, plateaus are less
favorable to population than plains. ere
these high plains are deeply dissected, as in the
Allegheny and Cumberland plateau region, they
are often called mountains, and resemble these
latter in their effect on civilization.

Mountains. These are the most striking of
nature's forms and contain the grandest scenery
in the world They are also of profound in-
fluence on all life history. For tge most part
rocky, isolated and inhospitable, they - form
rather barriers than homes. It is true that
mountains have many times in the history of
the world offered asylums to weaker peoples,
driven out of other lands by religious or polit-
ical persecution, but their most important role
is to act as barriers. They deflect winds or
rob them of their rain, so that in ‘the lee of
mountains often lie deserts. They prevent the
migration of many types of plants and even
some members of the animal kingdom. Even
to man they present serious obstacles to travel
and transportation, more so formerly than now.
In the isolated valleys of the more remote
mountain regions are crowded the stragglers of
the world’s migrations, and there, old customs,
traditions and manners of specch are preserved
among ignorant and illiterate peoples long after
they are forgotten elsewhere. Because moun-
tains are often the seat of extensive volcanic
activity, and because volcanic processes are
largely responsible for deposits of valuable
metals, mountains are often important minin,
regions. It is the search for metallic weal
more than anything else that has peopled moun-
tain regions with progressive populations, and
except along tourist routes, few important
cities exist in mountainous areas other than in
mining districts.

CHARLES LAURENCE DAKE,
Associate Professor of Geology and Mineral-
ogy, School of Mines and Metallurgy, Uni-
versity of Missouri.

PHYSIOLOGUS, an early Greek bestiary.
See Bestiaries. Consult Goldstaub, M., ‘Der
Physiologus und seine Weiterbildtm%’ (in
(Philologus,” Supplementband VIII, p. 337, Leip-
zig 1899-1901) ; Hommel, F., ‘Die Aethiopische
Uebersetzunlg des Physiologus’: (Leipzig 1877) ;
Lauchert, , ‘Geschichte des Physiologus’
(containing the Greck text, Strassburg 1889);
Peters, E., (Der Griechische Physiologus und
seine Orientalischen Uebersetzungen?® (in 15,
Festschrift, Gesellschaft fiir Deutsche Philol-
ogie,> Berlin 1898); Thierfelder, J. G., ‘Eine

andschrift des Physiologus Theobaldi’> (in
(Serapeum,” Vol. XXIII, pp. 225 and 241,
Leipzig 1862).

PHYSIOLOGY. Physiology is the science
that deals with organic processes or function.
In such a very general definition, the word
“function® applies not to machines (because we
do not know that organisms properly are ma-
chines), but to organism. It does not refer to
organic motions merely, but to functions, and
many motions are not functions or even proc-

esses. As part of the definition of this science,
it may be worth noting that it is in logical con-
trast on the one hand with anatomy, and in
probable continuity with psychology.

Varieties of Physiology.— Plant-physiol-
ogy will be discussed elsewhere in this work,
but it is obviously as much physiology as is any
other kind. Animal physiology deals with those
organisms which, for example, consume oxygen
both day and night, whose catabolism outruns
their anabolism; but there is no sharp line of
demarkation.

Animal physiology properly includes human
physiology. Such differences as there are be-
tween brutes and humans are due mainly to
man's unhygienic life, to the greater influence
of his mind, and the larger development of his
moral nature, Leave out the considerable in-
fluence of these, mostly social, forces, and
human physiology is much more like. animal
physiology than many of us would care to
admit,— however much we need to admit it.

Academic playaaloqy is nothing more nor less
than unapplied physiology,— pure science for
its own sake. As such, it has very great dis-
ciplinary value, equaling or perhaps exceeding
in this respect anything that mathematics has
to offer, for to many mathematics is actually
repellant, while physiology is sure to interest
even though it repels.

Medical physiology in its old form of 20
years ago is rapidly passing. On the other
hand, in its new form, it is as yet undeveloped,
so that to-day medical physiology is betwixt
and between. It is neither a pure academic
science nor a properly applied science, but in
many medical schools a traditional hodge-podge
of outworn and more or less useless material,
especially in its laboratory aspects. Medical

ysiology is allied on the one hand to prophy-
axis (hygiene), and on the other hamr to
therapeutics. Since, as a matter of fact, physi-
ology as taught is very largely found in the
medical schools and the dental schools, we may
there perhaps get the best notion as to its ma-
terial, if not as to its method.

The matter of physiology, then, relates to at
least three distinct modes of viewing organic
function:

First, there is that ancient term ®vital,® re-
ferring of course to processes. An encyclo-
pedia article is no place to enter into polemic
discussions. On the other hand, to discuss
physiology without a reference to this matter
would be to leave such a discussion 3uite in-
adequate. More and more scientists and philos-
ophers to-day are thinking of “Life” as a cate-
ﬁory, and one scarcely less general to the

uman mind than space, time and causality.
Men are gradually realizing as they look farther
afield into the reality of things, that life and
consciousness and energy and matter are but
aspects of the Real. This conclusion cannot be
avoided, I think, by any serious student of
Life, especially of human life as it actually is
about us and within us. It is easier to
skeptical and even scorn the term “vital® (es-
pecially as a reaction against a former unwar-
ranted notion of it), than to replace that
which it stands for with something more pre-
cisely scientific. Recent thought tends above
all things to emphasize continuity, and the con-
tinuity just suggested above obviously tends_to
give to the term %yitalism® a meaning whi
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no one can properly deny, that is as an in-
separable part of the consciousness-subscon-
sciousness-energy-matter  “continuum®  with
which physiology must be concerned.

But from a narrower point of view, the term
Syita]® stands, it must be admitted, for proc-
esses not yet comprehended and understood.
It is a real name, none the less, and stands for
a reality. The splendid work of Jacques Loeb,
n of the Rockefeller Institute, perhaps on
the whole the most searching into these mat-
ters that has been carried out, has always left
a distinct impression on the unbiased reader
that the results stop just where they should be-
gin if vitalism really is to mean anything more
than physics and chemistry. The old familiar
example germplasm, and its indescribably intri-
cate content, the transfer of the energy of pro-
teins and of fats and of carbohydrates into the
chromatin of nerve-cells, and therethrough into

the nerve impulse called neurility, and there-,

through again into mental processes, suggests
a meaning to vitalism which the skeptic can
deny only by refusing to think it out or by
adopting some hypothesis of which there is no
present proof, such as psycho-pl:iysical par-
allelism. In short, the broad-minded thinker
on organic functions at the present time seems
to have to admit relationships in organic life
for which the word “vitalism® may well be al-
lowed to stand — until at least its uselessness
has been demonstrated.

A second aspect of the matter of material
of physiology is classed as physical. This as-
pect of the science discusses function as motion,
in short. Motions are of two kinds in living
matter as in other kinds of matter, namely
molecular and molar, The term molecule means
little to-day with the decadence of the term
atom, but nonetheless the word is in universal
use, and stands in physiology for those attrac-
tions and repulsions which, viewed from a
somewhat different angle, we term chemical.
Metabolism is molecular movement, so are heat
and light, electricity, nerve-force, and all those
g:ocesses which to-day are on the border line

tween physics and chemistry. The energies
of the body, in short, are reducible to modes
of molecular movement. Unless we insist on
vital processes as something distinct, the mole-
cular movements of living matter, so far as
we can see, are no different from those of non-
living matter, except in one fundamental par-
ticular, namely their complexity, and this differ-
ence does not always obtain.

Molar movements may of course, for the
sake of logical completeness, be classed as
properly organic and as merely passive. The
organic movements proper are again divided
into two kinds, the first being muscular or
active movements, and the second recoil or
passive movements. It is worth noting that
muscle is the sole organ for active movement
in organism, although its precursors include
such processes as cell-turgor, protoplasmic
streaming, and even various grades of direct
contractility and possibly of expansion, pro-
duced by various forms of contractile threads.
Muscular movements are classed as vegetative
and as voluntary or personal, although these,

e ev ng else, merge more or less in-
sensibly into each other in the living organism.

The recoils are passive and include such
essential movements as the probable passive

mechanical ‘constriction of the arterioles, of the
lungs, of the urinary bladder, in short of any
distended viscus. The torsional recoil of the
costal cartilages is obvious in one’s mind, as
well as others of still less importance. Some
of these recoils are made more of than fact
sanctions, in all probability; even the most im-
portant of them all, the constricting process
of the arterioles, may prove to be, after all, an
active movement, and not a mere passive me-
chanical recoil. Molar movements have as
their qualities: first, quantity, referring to the
mass of active muscle concerned in them;
second, extent, referring obviously to the
amount of linear space involved in a short-
ening of the muscle; third, speed, which means
the amount of space covered in a unit of time;
fourth, location, which has importance in the
agpligd science of kinesiology and in general
physical education; fifth, force, which in this
case means the capability of overcoming resist-
ance and not necessarily through space (here,
pure physics has for once shown the inadequacy
of some of its old definitions); sixth and
lastly, duration.

It would be pedantic for any physicist to
claim that the processes of an organism which
he might care to class as “physical® did not
merge over a considerable area with those that
are more often called Schemical® Protoplasm
includes so much, that at present to say what
of its processes are physical and what chemical
would be pure arbitrariness, just as both the
botanists and the zoologists still include certain
infusoria in their tectonic schemes.

The chemical_processes of living matter, in
many cases, are indescribably, and so far as we
can see, unimaginably, complex. So far as we
can realize at present, this may be their chief
differcnce from inorganic chemism. In addi-
tion to these intricate chemical reactions of
attraction and repulsion between the atoms, of
course all the simpler ones are going on uni-
versally. Every organism is a marvelously com-
plicated chemical laboratory where untold
multitudes of complex substances are made and’
unmade and intermixed; every organ is such a
laboratory; some have even ventured to suggest
that every cell carries on essentially this same
complexity of chemic work. As an index of this
intricacy of chemism, one need only to be re-
minded that the molecular weight of some of
the component compounds of protoplasm is

robably at least 150,000. As some biologist
ong ago suggested, it may well be that in this
complexity and perhaps characteristically so,
lies the secret of Life; in other words, that the
living molecule lives because it is more complex
and more intricately unstable than is any other
substance.

A few years ago, in many of the medical
schools of mark at least, there was plain a
tendency to give up to bio-chemistry the more
narrowly chemical functions of organism and
to think of physiology more and more as a
science of physical reactions. Then about this
time we began to have an inkling of the un-
parelleled importance and influence of the
products of the ductless glands, and, as one
might expect would have happened, this stimu-
lated anew the former absorption in chemical
physiology. At the present time, therefore, a
considerable proportion of ‘the research-work
being done in the laboratories of physiology is
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chemical in its relations and aims. One might
almost say that various aspects of metabolism
was at present the chief research-problem of
physiology, however unfortunate for the
1ounded dignity of physiolo?y such a condition
of things may be. Certainly the only reason
that bio-chemistry does not claim its own and
insist that physiology attend to its more prop-
erly own affairs, comprehending the functions
of protoplasm as a whole, is that modern
chemistry plainly already has very much more
than it can attend to by itself. There is room
for the relatively unexpert chemic research of
lt.lljne physiologist, as the medical school knows
im.

The relations of physiology need not detain
us long. Those most o[‘;vious and close are with
biology as the general science of life; to anat-
omy as a comparatively narrow phase of mor-
phology; to chemistry; to hygiene, part of
which of course is physiology applied to the
maintenance of health as long as possible; to
therapeutics ; to neurology; to psychology in all
its protean forms; to philosophy, and even at
times and in certain minds to metaphysics. The
self-respecting physiologist is invariably a fairly
good student of biology, and if he knows
nothing and cares less about metaphysics, at
least it is undeniably true that the metaphysi-
cian no longer snorts at the suggestion that a
little physiology would not hurt his wisdom,—
although he seldom or never acts on the notion.

Applications of physiology. Without talk-
ing much about it or making it very explicit in
the public mind, phvsiology has far outdis-
tanced psychology in applying itself usefully to
life, and yet scarcely a beginning has been
made, especially since the agplications of physi-
ology scarcely realize that they are applications.
In one sense, and to a degree, the applications
of ;la?ysiology were made before the physiology
itself.

In the days of Oliver Wendell Holmes, for
example, one man, with some assistants prob-
ably, taught all the anatomy and physiol that
was given in the Harvard Medical School. As
things were just before the great World War
began, at least 20 men, each of whom robabl
knows more of medicine than Oliver Wendell
Holmes (great as are his contributions to med-
ical science and to literature), instructed in
anatomy and physiology in the same school, and
the annual budget of these two departments was
certainly several times the entire income for the
sale ofy course-tickets in Dr. Holmes’ day.
Much of this money to be sure is expended in
expensive practical work rather than in salaries
for mere lectures.

Among the most obvious applications of
physiology are those seen in physical education,
especially in the physiology of exercise; in med-
icine; in 'generaf education; and the most re-
cent of them is to the orthopedic re-education
of the maimed and crippled, and those suffer-
ing from war neuroses sometimes still called
“shell-shock.”

Methods.— Physiology is slightly deductive
from the principles of biology and {rom struc-
ture. Although it is certain that no one could
discover the action of some machines from the
unmoving machine itself, it is equally true that
other mechanisms bear in their very structure,
so to say, a moving picture of their action. In
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no mechanism or near-mechanism perhaps is
this less true than it is of organisms, the reason
for this being apparently the minute complexity
of many of its mechanisms. The heart, for ex-
ample, certainly bears in its anatomy its mode
of action, for it is in part a matter of direction
of blood-stream through unalterable valves
workable only in one direction; on the other
hand, decades of study were required to ex-
plain under what precise conditions the heart
contracted, in relation to the nervous-system.

The failure of deduction as a physiological
met.hod has its most striking example in the
brain, and it is in a degree literally true that
the men who really knew most about the human
brain are those least certain of its processes —
a_statement of which elementary students of
physiology delight to remind their instructor
just before examination !

Phy;iolog; is largely inductive from experi-
mentation. For one good guess made by the
physiologist with imagination, at least a hun-
dred more or less important facts have been
discovered by experiment, often elaborate be-
yond the comprehension of the untechnical. No
science is more inductive than physiology.
Laboratory-physiology is a highly complex art
in itself, an art continually changing, and we
may say, simplifying, reducing itself to its low-
est terms. Many of the greatest discoveries of
modern times have been made by mechanisms
of the simplest type, which differ from those
employed in previous researches by ibeing
underlaid by an ingenious new idea.

A glance at any of the laboratory-manuals
of physiology, such as that for example of
Cannon, published by the Harvard University
Press, shows how instructive and at the same
time how elaborate and expensive of time and
money such a course to-day must be. The
present writer, if he may be allowed to intrude
a bit of his work, has already developed a
laboratory course in physiology, suitable for
elementary and secondary girls’ schools of all
grades, and dealing wholly with animalcula.
This article summarizes itself as follows:

A LasoraToRY COURSE IN PHYSIOLOGY BASED ON
DaprHNIA, ETcC.

1. Introduction: Vegetal and Animal Histology.

1L Comparison of Living Vegetal and Amimal Cells:
Bacteria, desmids, diatoms, Edeqﬁ;mum Spiro-
gyra, Euglena, ciliated infusoria. e relations of
micro-organisms to disease.

III. Protoplasm and its Streaming: Ameba. Surface-
tension. Universal versatility.

IV. L ¢ion by Cilia: Par sum, Stentor.

V. Ss‘mﬁg' al::-ms of Musde: Hydra, Stentor, Vorticella,

somus.

A. The reaction-time of Stentor’s or of Vorticella's
myonemes. .

B. The relaxation-time of Stentor's or of Vorti-
cella’s myonemes.

C. The spontaneous contraction-rhythm of Vorti-

D. Patigue in Vorticella's myonemes.
E. Exhaustion in Vorticello's myonemes.
F. Individual diffe in the mo
Steator and of Vorticella.
G. Skeletal muscle.
VL The Molar Movements of Simple Metasoa: Hydra, the
rotifers Philodina, Brachionus.
VIL Dessication and Re-humidification:  Tardigrada,

P na.
VIII. The Anatomy, Gross and Microscopic, of Daphnia.
IX. Nutrition: Daphnia.
. The water-currents toward the mouth.
Deglutition.
Che di‘ggstive glands and their movements.
tal

Peristalsis.
Speed of the antiperistaltic wave.

ts of

!

moNw>
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IX. Nutrition: Daphknia — continued
F. Prequency of the antiperistaltic waves.
G. Defecation.
H. Catharsis.

1. Correlation in the alimentary canal.
X. Blood: Daphnia. (Compare Hydra and Man.)
A. Number and size of the amebocyte-corpuscles.
B. Sha‘glea and intrinsic movements of the corpu-
es.
C. Change of color on exposure to air.
X1. Circulation: Daphnia. X
A. The heart. Systole and diastole.
B. The average heart-rate.
C. The effects of varying temperature on the rate.
D. The heart’s extreme nce.
E. The blood-sinuses. O .
F. The effects of electricity on the heart.
G. The effects of blood-salines on the heart;

osmosis.
H. The effects of certain other drugs on the heart.
1. Correlation with extrinsic conditions.
J. The embryonic heart-rate: wh
heart-rate?

the matern yogenesis 9s.

XIIL

. € gill-feet.
C. Rhythmic movements of the gill-feet.
D. Ag::‘? TP
E. B of carbon dioxide in excess.
F. Effects of a lack of oxygen.
. Effects of carbon monozxide.
Hemocyanin in solution.
XII1. Muscle and Muscle-Action: Daphnis.
A. Smooth muscle of the alimentary canal.
The eye-muscles. Convulsive action,

=0

us fatigue.
The Nervous System: Daphnia.
A. Brain and optic lobe. .
B. Mot circuit: Retrius's work.
. Augmentory action: heart.
D. Inhibitory action: heart.
i : Daphnia, C{dopx. etc.
. xis: F
B. Phototaxis: Da'ghma Ameba.
C. Thermotaxis: Paramecium, Oxytricha.
D. Electrotaxis: Cyclops.
XVI1. The Senses: Daphnia. i
A. Vision: Range and acuity. .
B. Touch. * Reflex " removal of irritants.
aste.

1o}

Saell.
XV11. Embryology: Daphnia.
Sunﬁ!ner eggs and their development.
. Winter eggs.
C. Parthenogenesis. 3
D. The brood-sac and its secretion.
E. Coalescence of embryonic eyes.
F. Comparison of v functional rates in
embryos and in mother.

o

XVIII. Awnimal Behavior: Paramecium, Hydra, ec., elc.
XTX. The Mental Life of the Animalcules. The inherent
individual will.

One finds here basal and important princi-
ples of universal physiology, and the ingenuity
of other experienced physiologists would surely
indicate and define many principles more. The
essentials of much physiolo certainly are
present in experimentation of this relatively
simple kind.

e standing of this pioneer endeavor as a
pedagogic proposition, as a scientific method,
we may attempt to justify at the present writ-
ing under six heads. The first of these heads
we may sugfest as the substantiality and the
variety of the physiologic principles that can
thus be studied.

A second possible feature of this manner of
teaching elementary physiology has been alluded
to by implication already: the transparency and
the smallness of the animals used make more
striking and easy of acceptance the essemtial
unification of parts into the animal whole. In
Daphnia this is notable in the interest a first
viewing of the animalcule invariably excites
whether in man or child. One actually sees, for
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example, the blood corpuscles that are kept in
circulation by the heart pulsating under the ob-
server’s eye; and the intestinal peristalsis can be
actually seen to advance up the gut in relation
with the pulsations of the digestive gland. Here
is unification too obvious to be missed even by
the careless child. Without a comprehension of
the interdependence of his bodily parts he can
learn neither to understand himself nor how to
keep well!

A third advantage of such a course lies s
the simplicity and the inexpensiveness of the
apparatus required. Many elementary schools
have compound microscopes, and every school
or even every studemnt could provide at least a
strong pocket-lens, which might be made to
suffice. Beyond the microscope the apparatus
required is almost nothing not afforded by every
laboratory of chemistry, if we except a few
always-present implements such as a watch, a
millimeter rule and small and simple glassware.
To those of us who know the considerable ex-
pense of most of the apparatus that we use
this factor will appeal. At any rate, it puts
this course within range of any school, no mat-
ter how simple or indigent or isolated, and

more affluent schools more independent
than heretofore of the avaricious apparatus-
dealer.

In similar manner, the life-material required
is always obtainable with great ease and with
little or no expense, summer or winter, and
throughout the world. As is well known, these
animals have an almost earth-wide distribution
and are easily gathered from pools and streams,
If this be not convenient, a few cents for
postage brings most of these animalcules within
easy reach of such few schools as for special
reasons might not care to maintain the simple
jar-aquaria for breeding them. They come in
such countless numbers so readily that whoever
made a business of supplyin em could not
conscientiously, one would c:&e, charge for
them more than the smallest public class could
eas%y pay. .

ase of maintenance of the animalcules is
an advantage close to that just mentioned. In-
stead of ill-smelling animal-rooms expensive to
maintain, containing unhappy large animals
often both hard and expensive to properly feed,
the animalcules are kept in more or less at-
tractive glass aquaria that need contain no
more than a few litres of water each for use
of large classes. Many of these little animals
maintain themselves year after year. Daphnia,
for example, not “running out® as long as one
uses just ordinary intelligence in imitating a
simple environment somewhere near that which
is natural to it. The infusoria. of course,
Stentor, Paramecium, etc., can be readily de-
veloped at any time in two weeks from old
leaves and hay and similar commonplace ma-
terial, everywhere and always at hand.

No one with a quirkless brain can nowadays
fail to justify vivisection by competent scien-
tists, but many, nonetheless, men as well as
women and children, savants as well as fools,
dislike to do this work, especially for purposes
of routine class-instruction. This repugnance
to blood-shedding and mutilation is obviously
a necessary human feeling worthy to be culti-
vated rather than blunted. (In the vivisection
polemics one sees too seldom perhaps due credit
given us animal-experimentalists for the per-
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formance of disagreeable death and mutilation
on animals whom we of all men best appreciate
at their marvelous value and perfection).
Strangely enough, the size of the animal is a
factor in the determination of the strength of
this feeling of repugnance to mutilation found
in all normal human beings, while another of
its determinants is complexity. Men of culture
who would hesitate to kill a mouse or to drown
a puppy have no such feelings ordinarily in re-
gard to ants, however wonderfully efficient in
their complex living, or in regard to the
medusoids, however large and conspicuous.
Thus the animalcules may be adequately studied
by xoung or old, by boys and girls, without a
prohibitive feeling of repugnance to the destruc-
tion of life. This circumstance is both justifi-
able biologically and ethically and practically
convenient for teaching purposes, and gives the
animalcules an advantage for scientific purposes
not easy to exaggerate.

It has been already sufficiently implied per-
haps that this course in practical physiolo%y is
for elementary use, although it serves a helpful
purpose also as an introduction and advance
summary epitome for courses of physiology the
most advanoed and technical, as routine experi-
ence indeed has shown. In high schools, in
academies and in academic (collegiate) cur-
ricula, particularly in those for women, one
might expect its value especially to be demon-
strated. From such schools all laboratory-
physiology worthy of the name has been hereto-
fore excluded. It is on this basis and with this
intent that the present tentative suggestions
have been offered to the science of physiology,
for development into an efficient new educa-
tional method. (Reprinted from the Boston
Medical and Surgical Journal (vol. CLXVII,
No. 5, pp. 153-156, 1 Aug. 1912) ; and from the
Biologische Centralblatt, Bd. XXXII, No. 5).

In the light of the colossal slaughter of men
and children, women and maidens in the present
European conflict, the vivisection problem, in-
teresting as it is to every kind heart, fades into
relative insignificance!  Physiologists have
taught physiology to considerable classes for a
great many years without doing any vivisecting,
but it is undeniable that vivisection (without
pain or acute discomfort, invariably) without
exception is indispensable to the advancement
of physiology and of medicine. The reason for
this indispensableness of the vivisection of in-
vertebrates and even mammals lies not only in
the essential similarity of the brute and the
human_organism, but in the often grievously
ignored fact that an organ or tissue isolated
from the family of which it is a part, is scarcely
more that organ or that tissue as it properly is
than a slice of “liver® on your breakfast-plate
is liver in the living animal from which it came.

The most conspicuous example of the lack
of consideration of this then undiscovered fact
is the grossly misleading study of muscle iso-
lated from the body of its animal, and already
hastening to decay, at first without moisture,
without warmth, and even now always without
its own intrinsic circulation. To-day physiolo-
gists for the most part realize that an isolated
organ or tissue has only the faintest hints to
ofter as to its normal mode of action. Think
of one trying to study the life of a muscle
entirely deprived of its usual changes in adrenin,
dextrose and alkalinity, not to mention other
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essential factors of the living blood! These
numerous researches on isolated tissue have un-
doubtedly served important use, but it is likely
that they are not being rapidly enough aban-
doned even yet for the more philosophic
methods of recent days. which study, the best
that may be, the normal entire animal.

Vivisection is indispensable for this kind of
work, but vivisection always without pain or
acute discomfort, as indeed has been very gen-
erally the custom everywhere for a generation
at least.

Divisions of Animal Physiology.— These,
of course, are wholly arbitrary for any one dis-
cussing the subject, but, as one may see from
the writer's textbook, the following topics
may well enough serve as chapter headings:

Protoplasm should be described morpﬁ:log-
ically, physically and chemically in every text-
book of physiology intended for the use of
students. A baker might succeed in making
good bread and pastry out of various grains
without knowing anything about these grains
and their mode of preparation for his work,
but the probabilitv, none the less, is that the
baker who has milled his own meals and flours
and studied their physical properties and respec-
tive chemical compositions will make a more
artistic product than another. All recent text-
books, so far as the writer is aware, have reme-
died this old-time defect in physiological text-
books which left protoplasm to some supposed
but usually imaginery biologist.

The Nervous System is the next logical be-
ginner of a systematic treatise on physiology, as
it is one on psychology. Although in some re-
spects the hardest part of physiology, the
remainder of the subject cannot be understood
unless the chief actions of the autonomic sys-
tem, spinal cord and the brain are compre-
hended. Physiology, then, should take the bull
by the horns, and, with the aid of anatomy and
histology, teach the physiology of the nervous
system the first thing after protoplasm has been
achieved.

In like manner Muscle should be understood

‘and appreciated before the other functions of

the body are undertaken. The body in its es-
sence is motion, a mechanism for dislocating
material objects or matter in space. Motion,
therefore, is its essence, and it should be well
understood accordingly.

As the third part of the mechanism of effi-
ciency the Glands should be studied. Endocri-
nology, the modern science of the functions of
the ductless glands, is the most active and at
present the most productive part of physiology,
and the more we learn about 1t, the more impor-
tant does it appear to be. It pervades modern
physiology.

Dietetscs and Nutrition are the natural
topics to come next, the latter term to include
excretion. .

The Circulation logically is the next thing in
order, because it is the blood and the lymph
which distribute all the required materials, and
collect all the undesirable materials of the or-
ganism for prompt removal.

Respiration, although in a sense next to
motion the most fundamental of organic func-
tions, may be considered in one place as well as
another, although not, certainly, until part at
least of the chemical and the neuro-physical
movements of the organism have been learned.
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Respiration is at heart a chemical process, a
fact which some students are slow to learn, but
which is fundamental. '

There is no reason known to the writer why
Reproduction should always be found at the
latter end of a general treatisé- on physiology,
since no apology need be offéered for discussion
of this base-function. It “goes® at the end,
however, as well as anywhere else. In the
majority of textbooks, even to-day, it certainly
is discussed inadequately, a bare outline being
given, and the entire hygienic aspect — the only
aspect in which the majority of young men and
women really need information —is wholly
ignored. In many schools it is not customary
to systematically teach this subject at all, ap-
parently not altogether out of “modesty,® but
because every medical faculty realizes that this
ordinarily is the first chapter of the textbook
to become really familiar to the student: it has
native and dynamic interest for every normal
adolescent.

Laboratory Physiology. as already has been
suggested, is an art in itself, a hi%hly technical
art, moreover, based on science. Every year it
is more practical, applying itself more widely
and also in more detail to the needs of practi-
cal medicine, and of hygiene, making itself in
short more and more useful (never was it by
any possibility ornamental).

Recent Advance in Physiology.— Looking
back a generation, comparing Dalton’s text-
book with the latest edition of Howell or of
Bainbridge and Menzies, it is clear that the
advance in the science as a whole is dominat-
ingly metabolic. This indeed was what was
lacking 20 years ago to round out the science
beyond the organic mechanics which then
largely it was. Still considerable progress has
been made in neurology, in nutrition, and in the
physiology of the skin.

In choosing a dozen or more augmenting
topics for mention as of especial import in the
advance of physiology, it is almost impossible
to suit the tastes of any observer besides.the
writer! Still, perhaps these subjects arc really
those that have developed most importantly for
science in general:

The more recondite composition of the blood

been very successfully studied by many.
Immunity, sera, anaphylaxis, acidosis, etc., are
physiologic topics studied mostly by other
branches of medicine, but each chemical and not
part of the ingenious fairy-story of “ceptors”
and so on which originated in germany. The
dynamic factors of the blood have been much
developed, especially as the new backbone, so
ta say, of the newest branch of physiology called
Eg' some endocrinology, the science and art of

e ductless glands. Much has been learned at
Harvard about adrenin and pituitrin and their
relations to the dynamic “drives® of the organ-
ism — during anger for example. Vasocon-
striction, quicker coagulation, antifatigue effect,
and an increase of blood-sugar are somehow
topics conspicuous in this new work.

Many plant-pollens give special cases of hay-
fever because their protein is reacted too vio-
lently by the blood-proteins: this is a type of a
new group of blood-reactions whose stady
properly is on a physiologic base.

atigue in its more rational aspects (involv-
ing the actual living of the actual animal and
voL. 22 — 4

not the actual dying of some abstracted por-
tion of an animal) has been studied extensively
in part as “war-work® toward the maximal pro-
ductfon of munitions, etc. Columbia has led in
this work here in America.

Integration has been appreciated as never

before under the influence of psychology. Less
and less attention is paid to the phenomena ex-
hibited by protoplasm in its dying stages —as
dying every isolated organ must be. The prin-
ciple is capable of very much further applica-
tion still in both theoretic and practical physi-
ology. A materialist, for example cannot be pos-
sibly really wise as a physiologist, however
good an anatomist he may develop into.
- The movements of the alimentagy canal,
both gross and minute, have been studied with
much success. It is beginning to be recognized
at last that where contractile tissue is there is
movement! The Roentgen rays have revealed
some of the complex movements of the gut, 18
years ago, and now the finer movements, e.g.,
of the villi, remain to be described. Nearly
five years ago I called attention to their move-
ment and to one of their possible ulterior
absorptive functions: “The 4,000,000 villi of
the intestine, rich in smooth muscle and sympa-
thetic nerves as well as in epithelium, probably
adapt the blood’s content of the nutritive lipoids
and proteins to the varying immediate needs of
the nerve-cells, and may besides send inward
sympathetic influences which, fusing, possibly
in the brain, become euphoric.”

Dietetics has made strides, especially in the
direction of a%plied economic physiology. The
old matter of doubt as to the saf);-mimmum of
protein has not been clarified to everyone’s
satisfaction.

The integrating nervous system has become
better known in certain of its functions. The
sensory side of the autonomic (itself relatively
a recent “discovery”) has been developed as
Remak’s fibres, thus laying more of the physical
basis of the subconscious aspccts of mind.” The
cerebral cortex has revealed some of its func-
tions on a basis of psychomotion, especially in
the way of restraint. Work has been done on
the physiology (vasomotion and keinesthesi-
ology mostly) of sleep. The reflexes have been
studied in many directions, practical and theo-
reticc. The senses have been investigated in
new ways, on one hand highly technical and on
the other practical and popular, a new series of
books on the senses hclping the latter purpose.
Vasomotion has been getting on to a gratifying
extent,

The neuro-musculo glandulay  system,
mechanism of efficiency, has received much at-
tention, especially in England and in some of
the physical-education schools of America. The
all-or-none principle has been of use in under-
standing many things in regard to skill. The
relations of physiology to exercise has been
developed in many directions; and those of sat-
isfaction to the dynamic aspects of work — the
so-called “stheneuphoric index” or emergy-joy
ratio. The rechabilitation of one hellwar crip-
pled and shocked is sure to give the psycho-
logical physiology of skill a chance to develop
far in theory as well as in practice.

Dental physiology has gone on, largely in
the directions of electrical and pathological and
prosthetic physiology.
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The skin has been revealing some of its hid-
den mysteries, and proves to be an organ of
pre-eminent general importance to the indi-
vidual. If I may again repeat part of an article
—summary of nearly five years ago:

The integrated epicritic impulses (from the
skin and mucosz) appear to have predominance
in human physiologic euphoria, two possible
means of stimulation being evaporation and
oxidation.

A list of the more or less influential elements
of the skin would include the complex vaso-
motor mechanism; the arrectores pilorum mus-
cles; afferent sympathetic dendrites, the pecu-
liarly efficient epidermis, sweat glands, seba-
ceous glands; Meissner’s corpuscles, the ter-
minal cylinders of Ruffini, tactile menisci, the
nerve-rings of Bonnet (?), Vater-Pacinian cor-
puscles, free nerve-endings, heat-receptors, cold-
receptors, pain-receptors, pleasure-receptors, and
possibly tickle-receptors.

Air that is dead (i.e., not moving) ; humid
and too warm; humid and too cold; or lacking
in oxygen, is a chief occasion of organic dys-
phoria. f’hysiologically these conditions are
lacks,— lack of movement over the skin, lack of
the optimum temperature, lack of dryness
éevaporation so being lessened), and lack of

ermal oxygen, possible reflex determinant in
part of pulmonary respiration.

Arterial tension has been actively studied in
many places and is about to reach important
practical conclusions as we learn more and
more of the intricate controls of vasomotion.
A new “continuous,” method has been devised
for the study and record (hemobarogram) of
the ever-varying blood-pressures termed sys-
tolic and diastolic, respectively. From the Pro-
ceedings of the American Psychological Asso-
ciation (December 1916) the following slightly
modified excerpts may be added to indicate the
status of one phase of the physiology of blood-
pressure at that time. Nine or ten thousand
measurements sanction these tentative proposi-
tions, as the hemobarograms show:

Arterial stuffing and constriction are very
active and variable in all persons. Peripheral
arterial tension is by far the most sensitive
and easiest index of vasomotor rearrangement
correlate to activity mental or bodily. The
doubleness of blood-pressure measurement
(“systolic® and “diastolic®) makes _possible
a partially differential index of activities:

The %systolic® tension represents especially
the ever-changing output of the left heart,
which latter is quickly variable in size (Gesell)
as well as in the frequency of its contraction.
The diastolic tension is more dependent on the
autonomic vasomotion, direct and recipro=al.
Thus the systolic variations are more directly
mental, and the diastolic more somatic and
vegetative.

The ordinary systolic pressure-range is about
10 millimeters Hg, increasing to 40 or 50 or
more in “mental” activity of a somewhat greater
intensity. The usual diastolic range is about 8
millimeters Hg, save in old persons, and it has a
lower maximum. Vasotension is a ready in-
dex of the intellectual and affective psycho-
physical dynamism (“power of concentration®)
of an individual, and as such has value as a
mental test; it is also a useful index of
“nervousness® and of mental derangement
perhaps.

Aments (except microcephs?) sometimes
ave a spontaneous systolic range of no more
than 2 or 3 millimeters Hg for many minutes at
a time, and a_mental activity-range of 5 or 10
millimeters. Complete dements exhibit some-
thing of the same arterio-stasis but with a ten-
dency to large progressive excitement-rises not
observed in aments. One microceph had a large
and quick diastolic range and a normal systolic
curve. Imbeciles and morons show varying
degrees of the systolic plateau more or less
according to mental status and dynamism; but
there are many exceptions.

No personal, racial, sexual or age-differences
in the variability have appeared; each hemo-
barogram is unique and always an interesting
and accurate “human document.”

Sudden mental activity, apparently of any
sort (e.g., multiplication, imagination of any
kind of personal activity, transfers of the at-
tention-line, attention to the arm-sensations,
dynamic associations, unpleasant or pleasant ef-
fects) ; active inhibition; breath-holding, and
gradual subconscious increase of psychophysical
tonus, increase both the systolic and the diasto--
lic tensions, especially the former; so does phys-
ical exertion proper.

Really passive relaxation of the muscles and
of the mind; quiet, prolonged recall of happi-
ness; sleep-suggestion; humor; deep breathing,
and usually sensations of pleasure not allowed
to excite, cause a lowering of both pressures.
Marked rises in both tensional phases occur
without conscious accompaniment, suggestive if
not demonstrative of the subconscious actions
of mind. Reciprocal variation of the systolic
and the diastolic is very frequent, yet in some
cases the two parallel each other for many
minutes at a time. True emotion (adrenin and
blood-sugar are suggested) lasts much longer
than pretended emotion and “causes® (?) more
variation.

Imaginary neuromuscular fatigue exerts a
strong vasomotor influence. Lapsus attentionis
lowers both tensions suddenly and far.

These are some of the chief personal con-
siderations. The medical relations are too com-

lex to be reported; less has been accomplished
in this field of application.

Very numerous topics have been developed
by physiologists since the preceding revision
of this Encyclopedia was made, but these seem
to the present writer to be fair examples of
the most important directions. The World
War will deflect the research-activities of the
science into more practical (if not more useful)
lines, at least for a time. The average phys-
iologist will then have a broader mind and
will realize, often for the first time, that his
great and fundamental science, as the one
dealing with organic functions, is more than a
study of *nerve-muscle-preparations,® that it
may be made one of the two foundation
sciences of personal human life.

GeORGE VAN NESs DEARBORN,
Medical Corps, United States Army.

PHYSIOLOGY OF PLANTS. See
PLANTS, PHYSIOLOGY OF.

PHYSIOLOGY OF TASTE, or PHYS-
IOLOGIE DU GOOT. This work may be
compared in a distant way to the ‘Compleat
Angler’ of Isaak Walton. It is a similar
repertory of information, precept, anecdote and
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personal reflection, a similar stream of pleasant
talk by a charming companion who discourses
most entertainingly of what has been, after
his business, the most unfailinginterest of his life.
Its author, Brillat-Savarin (q.v.) (1755-1826),
was an honored magistrate and jurist, but his
fame rests wholly on this volume of “medita-
tions of transcendent gastronomy,” as he calls
it with mock grandiloquence and with a
humorous reference, perhaps, to rtine's
(Poetical Meditations,’ which had been the
great literary success a few years before. He
worked at it affectionately for many years,
and only gave it to dprirnt, and then anonymously,
a year before his death. Its contents are most
various. First come 30 “meditations® on such
matters as the senses, taste, smell, appetite,
thirst, the pleasures of the table, digestion,
rest, sleep, dreams, diet, corpulence, fasting,
the history of cooking, in which physiological
fact and theory alternate with stories of re-
membered feasts, bits of strange lore from
far afield with descriptions of culinary chefs-
deuvre that makes your mouth water, racy
anecdotes with practical recipes. Then, as if
the meditations had not afforded him latitude
enough, he adds 27 variétés, “miscellanies.® But
various as are the contents, they all turn about
the business or pleasure of eating. Gastronomy
is declared to be the chief of all sciences.
€The destiny of nations depends on how they
are fed,” and “Tell me what you eat and I will
tell you who you are,” are among the aphorisms
which serve as its basis. And the intentional
mock grandilogquence of the style and the
apparent levity of the author should not de-
ceive us as to the seriousness of the work.
There is much in the book, in its intention, at
least, to justify the title, “physiology of taste.®
It was one of the first attempts to approach the
spectacle of human conduct from the phys-
iological side. It is perhaps not without sig-
nificance that Balzac admired it much and
afterward wrote a ‘Physiology of Marriage’
and a ‘Physiology of Dress.”  However, Balzac
tecogmzet{ that the charm of the book lies,
not in the matter, but in the style and in the
genial, lively and humorous personality that
shines through it. Consult the English transla-
tion by Anderson, R. E,, ‘Gastronomy as a Fine
Art> (London and New York 1877).
ArTHUR G. CANFIELD.

PHYSOSTIGMA. Sece CALABAR BEAN.

PHYTOGEOGRAPHY. See PLANT GEOG-
KAPHY.

PHYTOLACCASEZ. Seec POKEWEED.
PI-BESETH, pé-ba'séth. See BuBasTis.

PIA MATER, pi's mi'téer the innermost
of the three membranes investing the brain
and spinal cord. See BRAIN; ARACHNOID MEM-
BRANE.

_PIACENZA, Pietro, Italian clergyman: b.
Piacenza, Italy, 21 Jan. 1847. He was educated
at Alberoni’'s College, Piacenza, and ordained
to the priesthood in 1869. From 1870 to 1878
he was professor of history and liturgy, at Pia-
cenza Seminary; from 1878 to 1897 he was arch-
priest and pastor of Fiorenzuola, and after 1897
archpriest of the cathedral of Piacenza. Since
1904 he has been visitor apostolic of Rome and
its district, and after 1907 professor of liturgy
in the Roman Seminary. Dr. Piacenza has

published ¢Storia del B. Gregorio X (1876) ;
‘Quastiones Liturgice’ (1887); ‘Il Rito della
consacrazione di un vescovo’ (1899); ‘Un
curioso documento della giovinezza di Pietro
Giordani’ (1901), etc, and contributions to
Ephemerides Liturgicae, Archivo storico, etc.

PIACENZA, pé-i-ch&n'zi (ancient PLACEN-
TIA), Italy, city, capital of the province of Pia-
cenza; one-third mile south of the Po River;
43 miles southeast of Milan and 35 miles north-
west of Parma. It is a fortified city and has
always been considered of great strategic and
commercial importance. The fortifications are
kept in repair and improved from time to time
as new defense methods are introduced. The
city was founded 219 B.c. by the Romans. About
20 years later it was destroyed by the Gauls.
When the Via Amilia, a Roman military road,
was constructed, the western terminus was at
Piacenza, The city entered the Lombard
League in the 12th century, later fell under
the domination of the Visconti, the Sforza,
and the popes. In 1545 Pope Paul III pre-
sented it together with Parma (q.v.) to his
son Pier Luigi Farnese. From then on its
political fortunes followed those of Parma.

Among the historic buildings of Piacenza is
the ancient church, San Sisto, rebuilt in 1499-
1511, for which Raphael, about 1515, painted
the Sistine Madonna. This picture was sold
in 1753, to Frederick Augustus of Saxony and
is now in the Dresden Gallery. Other noted
buildings are the cathedral (1122), in which
there are paintings by Guercino, Carracci and
others. The church of Santa Maria di Cam-
pagna has fine frescoes by Pordenone; the
square has some fine equestrian statues. The
public library has about 120,000 volumes. The
Palazzo Municipale is an impressive building
dating back to 1281. The huge, uncomplete
Palazzo Farnese, begun in 1558, now serves
as a military barrack. It has modern theatres,
hospitals and educational institutions. It has
considerable manufacturing interests, especially
in silk, cotton and woolen goods, pottery, wine,
cheese and machinery. In the vicinity are valu-
able marble quarries. Pop. commune about
40,000. Consult ¢‘Monumenta Historica ad
Provincias Parmensem et Placentinam Per-
tinentia’> (8 vols., Parma 1855-60); Giarelli,
(Storia di Piacenza’ (2 vols., Piacenza 1889) ;
Jordan, L., ‘Die Renaissance in Piacenza’ (in
¢Archiv fur Kultur-Geschichte,’ Vol. V, Ber-
lin 1907) ; Siro Corti, ‘Provincia di Piacenza’
(Turin 1893).

PIACERE is D’Annunzio’s first novel, and
was first published in 1889, when he was 26
years old. A more fitting title than the one
which the author gave it is that of the English
translation by Georgina Harding, ¢The Child
of Pleasure’ (Boston 1910), which in turn
was suggested. by the still more illuminating
and apt title of the French translation, ‘L’'En-
fant de la Volupté.> The story is that of a
workless yet wealthy yo man of the Italian
nobility who has a love for, and succeeds in
winning, several women, and who has more
momentary affairs with a great many others,
all of them, however, of his own class. The
two most interesting parts of it are the de-
scription of a horse race for “gentlemen” riders,
in which the hero races against a friend the
love of whose mistress, the wife of a mutual
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friend, he has appropriated, and the descrip-
tion of the duel on the following day between
the winner (of the race as well as of the lady)
and. the loser, which event interrupts the love-
mal;i;:f of the former because of a serious
WO received. Both incidents are familiar
to novel readers. There is no plot. The
book is a painstaking exposition of an artificial
state of mind and of sensual emotions which
it engenders. The attitude toward women
therein displayed is not wholesome : they merely
present possibilities for material pleasure. The
very completeness of its psychological detail
renders it at least monotonous, and the normal,
healthly mind conceives no sympathy, to put
it mildly, with D’Annunzio's hypocritical and
obnoxiously aristocratic hero. In workmanship
the story does not present a high degree of
skill and a number of the links are plainly
conventional. However, it must be remembered
that it is a work of youth. Consult Sedgwick,
H. D, ¢Essays on Great Writers> (Boston

1903).
Amerioo U. N. CAMERA.

PIAGGIA, Carlo, Italian explorer: b
Lucca, Italy, about 1822; d. Sennaar, Sudan,
17 Jan. 1882. He went to Egypt when young,
was with Antinori in Bahr-el-Ghazal 1860; went
with Gessi to the lakes of the Nile in 1876 and
was the first European among the Nyam-Nyam.
His ethnographic collection was acquired by
the Berlin Museum. He published ‘Dell’ arrivo
fra i Niam-Niam’> (Lucca 1877).

PIANISSIMO, the superlative of piano
(Italian for soft and low); piano is used in
music in contradistinction to torte. The sym-
bols for these terms are pp. and p. Some com-
posers, especiallgoVerdi, Berlioz and Tschaikov-
sky use the symbol pppp. and even ppppp. to ex-
press that they desire the softest pianissimo
possible, while many others frequently indicate
this by ppp. See Music.

PIANKISHAW (pi-in'ké-shi) INDIANS,
a small American tribe of the Algonquian
family, originally a part of the Miamis (q.v.).
The tribe never numbered over 1,000. They
removed to the Indian Territory, now Okla-
homa, from Kansas in 1867, after selling all
their lands in the latter State. They are now
known under the name of Peoria, of which in
1906 ihere were only 192 left, none of whom
was of pure blood. Consult Hodge, F. W,,
ed., ‘Handbook of American Indians North
of Mexico> (Part II, Washington 1910).

PIANOFORTE, a strin§ed musical instru-
ment commonly known as a “piano,” and essen-
tially consists of a series of stretched, graded
and tuned wires which are struck by felt-cov-
ered hammers by the operation of keys con-
veniently arranged in a keyboard. The term,
“pianoforte,” which is the original term desig-
nating the instrument, is derived from the Ital-
ian “piano,” soft + “forte” loud; while the
term “piano,” usually designated by p., is a
sign used in music to denote softness, that is,
the strain where the indication occurs is to be
played with less than the average intensity.
Similarly, pp., or ppp., abbreviations for ¢pianis-
simo,” signify very soft.

The pianoforte is probably the most exten-
sively used of all musical instruments. It was
evolved directly from the clavichord and harp-
sichord, which were undoubtedly elaborations of

the monochord or pitch-carrier with one string,
although even the approximate date or the name
of the inventor who first put keys to a mono-
chord and called it a clavicordium is quite un-
known. Virdung, in his ‘Musica Getutscht,”
published in 1511, states his inability to ascer-
tain those facts, although it is well known that
Pythagoras, in the 6th century B.c, measured
a vibrating string stretched between raised
bridges on a resonance box, and by shifting
those bridges he accurately determined the in-
tervals of the Greek diatonic scale. It is sup-
posed that Pythagoras obtained the mono-
chord embodying the principle of the stopped
string upon a finger-board from Egypt, where
it had been known for ages before his time.
After P ras, the monochord became, in
Greece and Europe, the canon or rule for the
measurement of musical sound intervals, and
continued to be so employed up to the 11th cen-
tury, A.D., when it was transformed into a poly-
chord of four strings, to facilitate the melodic
division of the Gregorian tones — the Plain-
Song of the Church as used in the Ritual, and
were known under a great variety of names
such as clavichord, clavicordium, spinet, vir-
ginal and regal.

The early clavichords had a compass of four
octaves. The natural keys were made of citron
wood and the sharps of ebony. The damper
was a narrow band of felt attached with glue to
the hitch-pin block, opposite to the wrest-pin
btlock, and the bridge was curved. As they
were strun§ with wires in equal lengths, they
were for a long time regarded as sets of mono-
chords, the scaling being effected by the line
of the tangents attached to the keys on the left-
hand side of the player, while the three or more
sounding-board bridges rested upon the narrow
belly on the right. Owing to the length of the
scale the longer instruments were not capable
of being tuned higher, giving them a weak but
delicate tone which responded to the gradations
of the player’s touch. The tangents were up-
right blades of brass fastened into the keys and
beaten out at the top so as to touch equally the
one string or the two or three unison strings
forming a note. The tangents thus constituted
a series of bridges or sound exciters, and each
of the little groups of strings thus formed was
acted upon by two or sometimes three or four
tangents to obtain as many notes. The damp-
ing was contrived with a cloth interwoven
among the strings behind the line of tangents.
This cloth instantly dampened the vibration of
the strings when the finger released the key and
the tangent quit the string.

P1G. 1.—Queen Elizabeth's Virginal, South Kensington
. Museum, London.

Clavichords with pedals are mentioned by
Virdung and Reynvaan, and are also particu-
larly described by Adlung, indicating that some
of the instruments had two octaves and a note
of pedals attached to a separate clavichord
pedalier and “fretted,” there being three strings
in the lower and four in the upper range for
each pedal note. The terms virginal or spinet
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generally indicate one and the same instrument
without regard to form of construction, but
practically limited to a plectrum (jack) clavier
with one string only to each note (see Fig. 1).
Its earliest recorded name is the clavicymbo-
lum, occurring in the rules of the Minnesingers
under the date of 1404. It is the Latin for
psaltery, an instrument of the dulcimer kind,
to which a keyboard was added and suggests
an ecclesiastical or monastic origin. Virginal
was the English name of the spinet, and was so
called probably on account of its appropriate-
ness for girls as compared with the contempo-
rary lute which was a more difficult and manly
instrument, rather than the assumption that
Queen Elizabeth was a skilful performer on it,
especially as the name was current in the reign
of her grandfather, Henry VII. According to
Scaliger, who wrote in the .latter part of the
15th century, the name spinet is derived from
the little quill point or plectrum, as an improve-
ment upon the instruments previously known as
monochordum and harpsichordium, a keyboard
psaltery of harp shape. On the other hand, the
Jtalian expert, Signor Ponsicchi, attributes it to
a Venetian maker, who signed and dated an in-
strument of this kind “loannes Spinetus, Vene-
tus Fecit; A.p. 1503.> The virginal that i3 asso-
sociated with Queen Elizabeth is now in the
South Kensington Museum, London, and may
be described as an Italian pentagonal spinet

Fr6. 2.—Spinet — 1710.

(sce Fig. 2). Italian spinets were made of cy-
press wood, and as the utmost vibration was
sought for by the makers, both case and belly
were constructed of that material. They con-
sisted of two cases — the inner rough, but pos-
sessing a free and satisfying quality of tone,
while the outer received great care in work-
manship and was often beautifully decorated.
The pentagonal or heptagonal spinets had false
cases like the clavicumboli or harpsichords,
from which they could be removed when re-
quired for performance, while the oblong Ital-
ian makes were inseparable from the outer
case like the modern pianos. Until the 17th
century, the keyboard was usually an external
addition to the case, when Rosso, a Milanese
maker, set it back into the body of the instru-
ment, a recessing which was generally copied
afterward (see Fig. 3).

The harpsichord is a double, treble or quad-
ruple spinet, the sounds being excited by a jack
and quill plectrum, as in the case of the virginal
or spinet. More exactly stated, instead of hav-
ing one string to a note, as in the virginal or
spinet, it has two, three and sometimes four
strings to a note, which, with the exception of
the common features of the case, sound-board,

wires and keyboard, it differs entirely in sound,
excitement and effect from the clavichord. It
has an individuality of tone not possessed ‘by
the pianoforte, and a brilliancy of effect be-
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Fi16. 3.—Clavichord, Taphouse Collection, Oxford.

yond the capacity of the clavichord, but in ex-
pressiveness depending upon touch its power is
much less than either.

The harpsichord was a much favored musi-
cal instrument during the 17th century, occupy-
ing the place now filled by the grand piano,
and while not so much a solo instrument, it was
of considerable importance in the orchestra, its
player generally assuming the responsibility of
conductor. The complex character of its mech-
anism required a larger and differently shaped
case to that of the spinet and prefigured that of
the grand piano, the wing-shape giving rise to
the German name fluegel, also kielfluegel, from
the plectrum (kiel, quill) producing the sound.
With the Italians—it was known as the clavicem-
bolo, while the French called it clavecin. In
the English term harpsichord, the harp disposi-
tion is recognized in contrast to the trapeze
shape of the spinet, which appeared about the
same time — the earlier part of the 15th cen-

tury.

r"i‘he description of a very fine example of a
Roman harpsichord in the South Kensington
Museum, London, inscribed and dated “Heirony-
mus Bononiensis Facietat Romae, MDXXIX»
will serve to illustrate the general character of
the instruments of that time. It has one key-
board and two unison strings to each note;
boxwood natural keys, with an apparent com-
pass of nearly four octaves, E to d°, which by
a short octave in the bass becomes C to d*. In
the Italian instruments no change of power was
attainable by stops, while the pedals, as in the
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FrG. 4.—Trasuntino Harpsichord — 1531.

Trasuntino harpsichords, controlling a sordino
for muting, were a very late addition (see
Fig. 4). he highest credit for excellence in
the manufacture of harpsichords belongs to the

.
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famous Ruckers family of Antwerp. The earli-
est instruments made by them bear the date of
1590, and the latest 1659, a short period of splen-
did work. Of their instruments there are 70
existing specimens, including some of great
beauty of decoration, but they have all been sub-
jected to one or more alterations of scale and
keyboard compass. It is claimed that Hans
Ruckers, the elder, added the octave register
and steel wire instead of brass for the treble
notes, designed a second keyboard in imitation
of the organ and increased the number of keys
from E to C* to C-c, thus making the short
octave in the bass a long or chromatic one down
to the lowest notes. The most famous harpsi-
chord makers of the 18th century were Burkat
Shudi (Burkhardt Techudi) an? Jacob Kirck-
man (Kirchmann) in London, and Taskin in
Paris. Burkat Shudi began business in 1732 in
the house still occupied by his descendants, the
Broadwoods, 33, Great Pulteney street, Golden
square, London; while Kirchmann continues to
be represented by his descendants in a first-
class London pianoforte manufactory.

About this time, makers, more or less con-
trolled by the prevailing style of domestic fur-
niture, substituted the more rigid cases of wal-
nut and Spanish mahogany for those of reso-
nant cypress, cedar and pine, and thus obtained
a greater power and majesty of tone, while a
greater variety of tone was derived by a freer
use of the stops. To the three shifting regis-
ters of jacks of the octave and first and second
unisons, Van Blankenburg's lute stop was
added, which by plucking the strings in the
lower and medium divisions of the scale, close
to the bridge and much nearer the treble, pro-
duced a charmingly delicate, reedy tone quality
very much like that of the mandolin. Finally,
to obtain “crescendo® and %diminuendo,” a
swell was introduced, which consisted in gradu-
ally raising a hinged portion of the cover with a
pedal. This invention of Roger Plenius was

robably suggested to him by the nascent piano-
orte which ap&ears to have been first made by
him in Englan

Although references to the pianoforte occur
in the correspondence of musical instrument
makers during the latter part of the 16th cen-
tury, as, for example, in the letters written by
Hippolito Crica or Paliarmo, dated 27 June and
31 Dec. 1598, and addressed to Alfonso II,
Duke of Modena, the first true pianoforte, as
now understood by that term, was invented by
Bartolommeo Cristofori, a Paduan harpsichord
maker, in Florence about 1709. At that time
kings and princes well disposed toward music
were accustomed to keep large collections of
musical instruments to be used in connection
with their domestic and courtly festivals, and to
keep such instruments in playing order it was
necessary to employ men gossessing the requi-
site ability. It is of record that Cristofori was
engaged in that capacity by Prince Ferdinand
dei Medici, and while thus employed invented
and produced the pianoforte. The record of
this invention is given by the Marchese Scipione
Maffee, under the date of 1711, in a description
which appeared in the Giornale dei letterats
d’Italia, a publication conducted by Apostolo
Zeno. It gives the information that in 1709
Cristofori had completed four “gravecembali
col piano e forte’ —keyed psalteries with soft
and loud, three of them having the long or

harpsichord form. There are two grand pianos
still in existence, made by Cristofori, and dated
respectively 1720 and 1726. They are of a very
perfect construction, and embody all the essen-
tials of piano movement. The first belonged to
the Signora Emesta Mocenni Martelli of Flor-
ence, and was acquired by Mrs. J. Crosby
Brown of New York in 1895 for presentation
to the Metropolitan Museum of Art of that city.
It has a compass of four and a half octaves,
C-f*. The second belongs to the Commendatore
Alessandro Kraus of Florence. Their actions
are similar, and show that Cristofori succeeded
in satisfactorily solving the groblcm of escape-
ment, and had also provided for repetition

FiG. 5.—Cristofori's Action.

without a double escapement. Fig. 5 is a com-
plete diagram of this action: (k) is the key;
(h) the hopper or movable tongue; (n) the
notch for the hopper beneath an underhammer
or escapement lever (1), which being covered
with leather upon the end operates to raise
the hammer butt (d); (e) is the hammerhead;
(s) the spring regulating the play of the hop-
per or distance between it and the string and
regulated by a small hopper check (w);: (f)
hammer check; (51) damper, and (j) damper
stop. It appears that in this action, Cristofori
retained the shallow measure of an Italian
harpsichord, and consequently inverted his
wrest-plank (the block in which the tuning-
pins are held), which had to be much stronger
than in the harpsichord, owing to the increased
thickness of the strings which were required to
stand the impact of the hammers, and attached
the strings beneath. The pins pierced the wrest-
plank so that the tuning was accomplished harp
fashion. His instruments ranged in compass
from four to four and a half octaves. The
essential features of Cristofori’s action were
adopted by Gottfried Silbermann, the great
organ builder and clavichord maker of Dresden.
He made two pianofortes, which he submitted
to J. S. Bach, who disapproved of them on ac-
count of their weak treble and heavy action.
Recognizing that he had not attained the req-
uisite skill to reproduce the excellent quality
of his models, he devoted several years to ex-
eriments, and finally submitted another to
ach, which met with the great composer’s ap-
roval. It is a fact, however, that the elder
ach never really adopted the pianoforte, and
that all of J. S. Bach's compositions for the
clavichord and harpsichord, no less than those
for the organ, have to be virtually transcribed
in the rendering when transferred to the piano-
forte. This fact is very clearly shown in
Czerny’s edition of the (Forty-eight Preludes
and Fugues.’

The Seven Years’ War (1755-62) terminated
Saxon pianoforte making, and scattered the
workmen, some of whom found their way to
England and made a fresh start in the business.
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Up to 1760, all pianos had been built in the
shape of the modern grand, horizontal or up-
right; but, between 1760-65, Johann Zumpe, a
former workman in Shudi’s establishment, in-
troduced the English square piano. The action
was sufficient, although almost rudimentary, and
contained what was called the “old man’s head,”
a metal pin with a leather knob on the top to
raise the hammer, and the *mop-stick® damger
raised by a simple jack. The compass was five
octaves from F-'. Zumpe's success was imme-
diate. The instruments sold rapidly, and the
form increased in popularity. Other makers
started establishments, and in the last decade of
the century, London became the centre of the
world’s pianoforte trade, with not less than 30
square piano-making establishments, English
and German, in active operation,

Between 1780 and 1790, John Broadwood
recognized the fact that when the string was
struck at a certain point, it yielded a fuller
tone. He, therefore, adjusted the hammers so
as to obtain this result, and also transferred the
wrest-plank to the back of the case, and intro-
duced the two pedals —one to raise all of the
dampers, and the other to soften the tones by
dropping a tEleee of cloth over the strings. The
change in the place of the wrest-plank enabled
him to reduce the inordinate length of the un-
used wire, and also to straighten the keys,

which had been hitherto left more or less
twisted, as in the clavichord, but in connection
with the crank damper, he did not get beyond
the “old man'’s head® device that lifted the ham-
mer, and the merit of introducing in the square
piano the *hopper® —a jack with a string work-
ing in a notch forming the front part of a
lever, technically known as the “under-hammer”
—belongs to John Geib, who took out a patent
for the improvement in 1786, and first ap-
plied it to the square pianos he made for Long-
n_I‘:im and Broderip, music publishers in Cheap-
side.

Fig. 6 shows the Broadwood grand piano
action, commonly known as the “English direct
lever action,® in which the key (k) on being
depressed raises the hopper (h) which strikes
in the notch (n) cut in the butt of the ham-
mer (d), the play of the hopper against the
notch determining the velocity of the hammer
and the individuality of the player's touch; (w)
is the wire hopper check; (s) the screw that
regulates the lever to determine the distance of
the hopper motion; (a) is the hammer-head,
and (c) the check which is raised when the key
is depressed and arrests the hammer in its fall.
It is the first simple contrivance for repetition,
that is, for repeating the blow of the hammer
before it returns to its original position or
equipose. The key not only raises the hopper
and check, but also the damper, so as to allow
the string forming the note to continue the

vibration, and the escapement when raised with-
out impact as depends upon that space between
the hammer and the strings, to allow the ham-
mer to clear them under a blow either soft or
loud, and thus prevent the strings stifling the
vibration before it has had time to become a
musical note. This action was invented about
1772, and was_further developed and perfected
by Broadwood, with the assistance of Backus
and Stodart, until it became the best single
escapement action.

P1G. 7.—Streicher-Viennese Action.

About 1777 the German manufacturers pro-
duced another kind of escapement, which was
considered favorably by prominent pianists for
many years. It was invented by Stein, a pupil
of Silbermann, but was carried to its highest
state of perfection under the joint efforts of
his daughter Nannette and son-in-law, Andreas
Streicher, about 1794. Fig. 7 shows the con-
struction of this action: (k) is the key, (h) the
hopper, (s) the hopper spring, (1) the standard
in which the hammer butt (d) is centred, (b)
the set-off button, (c) the check and (g) the
damper. This action differs from the Cristofori
(English) action, in that the hammer is directly
attached to the rear end of the key itself, in-
stead of being fixed to a lever independent of
the key. This arrangement caused a change of
axis of the hammer when the key was struck,
thus giving the extrecme lightness of touch
which enabled easier execution and brilliant
playing, although less capable than the English
of producing its tone varieties. Up to 1777 the
French imported their pianos chiefly from Eng-
land, when Erard (Erhardt), a German piano-
maker, produced the first piano made in France.
Having been driven to London by the Revolu-
tion, he familiarized himself with the English
methods, and incorporated the English prin-
ciples in his first instrument. Subsequently he
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Fi1G. 8.— Erard's Prench Action.

adopted the Stein principle, and afterward de-
veloped his own action, illustrated by Fig. 8,
in which, when the key (k) is depressed, the
lever (1) is raised by the pilot (p), and the
hopper (h) escapes forward when it has de-
livered its blow to the roller (r) beneath the
bammer fork (f). Similar to the notch of the
English action, the roller transmits to the ham-
mer the player’s intention and individuality. A
prolongation of the hopper forms the escape-
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ment lever (e) which controls the set-off from
the strings by the screw and button (s). The
wire hopper spring (b) maintains the hopper in
position, and together with the hammer-head
(d) and the check (c), completes the single
escapement action., The repetition or second
escapement is obtained by the roller restin,
upon the hinged repetition lever (t) whi
rises when the wire spring (q) is bent by the
depression of the key, the rise of the lever be-
ing controlled by the screw (w), which acts on
the point of the lever.

P1G. 9.—Herz-Erard Action.

Under this arrangement, no matter how
slowly the key is depressed, the action produces
sound, and also enables the hopper to repeat a
blow with a l!:artially risen key. The damper
(a) is beneath the string (g) and is pushed up
by the spring (m). This double escapement
action was invented by Sebastian Erard and
patented by his nephew, Pierre Erard, in 1821,
but did not succeed in obtaining public recog-
nition until after 1835. While not demanding
as high a finger movement as the English action
;)t] is uniform in the variety and directness of

ow.

The Herz-Erard repetition action shown in
Fig. 9 is a simplified form of the Erard action
just described. It was first employed in the
grand pianos of Henry Herz of Paris, but,
owing to its economy and efficiency, has been
adopted with slight modifications by many of
the most prominent piano-makers. Next to
Erard the most prominent piano manufacture
in France was Pape, a native of Hanover. In
1827 he invented a down-striking action, of
which the mechanism was above the strings.
During the latter part of the 18th century the
desire to save space originated the idea of mak-
ing musical instruments of this class in an up-
right form. The first attempts were merely to
turn the horizontal pianos, spinets and harpsi-
chords into a vertical position on a stand. In
the year 1800 John Isaac Hawkins, an English-
man, living in Philadelphia, Pa., invented the
first genuine upright piano and patented it in
the United States and England. He called it
the Portable Grand Pianoforte, and it is re-
markable as containing most of the features
characteristic to the modern upright. The idea
was further developed and improved by South-
well in 1807, who produced the now obsolete
but beautiful toned “Cabinet,” and by Wornum,
who produced a low upright with diagonal
strings, in 1811, and one with vertical strings
in 1813.

Fig. 10 shows the Wornum upright piano
action, as made by Broadwood: (k) is the key,
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(b) the hopper, (d) the hammer-butt, holding
the shank of the hammer-head (e); (c) is the
check, (f) the damper, (i) the set-off button,
(1) the spiral hopper spring invented by Bord,
( mg the pilot, employed to raise the hopper
and its crank to the height required for their
service, and the tape (n), which, being tight-
ened by the rise of the hammer when the key is
struck, pulls the hammer back when the key
returns and thus assists the repetition. Because
of the small floor space occupied the uoright
gi“ano became the instrument for the million,

t it can never be the choice of the artist, be-
cause it smothers the vibrations, which can be
brought out fully ir a grand piano.

A modern piano consists of the following
parts: (1) The Ycase” made of rosewood,
mahogany, walnut, cherry, maple or other hard
‘wood, and, according to its form, classified as
grand, square or upright. The grand pianos
are triangular-in body and are built in various
sizes, from the full concert grand, 8 feet 10v
inches in length, to the baby grand, six feet
long, and adapted to parlor use. The square
form is no longer built, having been entirely
superseded by the upright for use in private
houses. The outer side of a piano case is
usually veneered over the solid wood. Some
makers build their piano cases of material made
of several thicknesses of wood, under the sup~
position that it assists the resonant.qualities.
Some cases are very elaborately carved and
others expensively inlaid. Special instruments
have been made costing as high as $50,000.
(2) The “frame,” now almost universally made
of iron or steel, held within the case and in-
separable from it. (3) The “string-plate? at-

P16. 10.— Wornum's Upright Action.

tached to the rear end of the frame and to
which the strings are fastened. (4) The Ywrest-
plank,” attached to the front end of the frame
and holding the tuning pins, around which one
end of the strings is wound, so that their ten-
sion is regulated by turning the pins. The
wrest-plank has to be made very solid to ensure
the rigidity necessary to withstand the enor-
mous strain of the strings, a tension amounting
to from 10 to 20 tons.

(5) The “belly® or Ysounding-board,” a thin
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piecc of wood placed under the strings to in-
crease the sound produced by their vibrations.
Owing to their small diameter and consequent
limited contact with the air, the sound produced
by strings vibrating freely is so weak that a
resonance factor is necessary. This factor is
supplied by the belly upon which hardwood
bridges are glued, which transmit the vibrations
of the strings to the belly and thus creates sym-
nathetic vibrations of the woody substance so
as to adequately increase the sound. The manu-
facture of sounding-boards is an important
branch of the industry and elaborate planing
and glueing machinery is utik

(6) The “strings,” made of steel wire, one
end of each being fastened to the string-plate
and the other coiled around tuning-pins in the
wrest-plank. They increase in length and thick-~
ness from the treble to the bass. In the bass,
in order to make the rate of vibration slower,
they are over-spun or wound around with fine
copper or mixed-metal wire. For the lowest
tones (ArF:) only one wire is emploved; for
each tone (G~C) two strings; and above that,
three strings. One of the most remarkable dif-
ferences between the modern and old pianos
is due to the vast increase in the tensile strength
of piano wire drawn under modern methods.
The breaking strength of English piano wire
ranges from 225 pounds for No. 12 music, 0.029
inch diameter, to 650 pounds for No. 22, 0.052
inch diameter; giving an ultimate tensile
strength of 340,000 pounds to the square inch,
about five times that of the best old hand-drawn
wire.
(7) The “actions,” the principal varieties of
which have already been carefully described,
and which consist of the entire mechanical de-
vice by which the hammers are propelled against
the strings, including the keyboard and its row
of keys, which are manipulated by the fingers.
The keyboard of a modern piano has a com-
pass of seven octaves, A-A, or seven octaves
and a minor third, A-C, the extreme notes of
which are very near the limits of the power of
the average human ear to distinguish musical
sounds. Cristofori’'s pianos were four-octave
instruments. The keys corresponding to the
natural tones and called ®naturals” are made of
ivory, and those correspornding to the chromat-
ically altered notes and called “sharps® are
made of ebony. They are shorter than the nat-
urals and are raised above them. When a key
is pressed down its rear end rises and lifts
the *jack” which throws the hammer against
the strin%s. . The hammers are attached to
shanks of light wood, such as pear wood,
hickory or white beech, sufficiently tenacious
not to fracture under the hardest blow, and yet
clastic enough to rebound. The wooden ham-
mer-head is covered with felt, of compressed

eep’'s wool, cut from one piece, and increasing
in thickness from treble to bass. The texture
of the felt should be neither too hard nor too
soft. A hammer withra hard surface leaves the
strings immediately after contact with it and
allows the very dissonmant upper partial tones
to run their course, while a hammer with a soft
surface clings slightly to the string, or at least
long enough to damp such discordant partials.
Simultaneously with the throw of the hammer
the “damper? is raised, thus allowing the string
to vibrate treely, but by a %check” which pre-
vents its rebound. the damper remains raised

as long as the key is pressed down and the
string continues to vibrate.

(8) The “pedals,” a set of levers, usually
two in number, which are pressed down by the
feet. They are called the “piano” and “forte®
pedals; some makers add a third called a tone-
sustaining pedal. The left foot presses upon
the “piano” or soft pedal, which either throws
all of the hammers -nearer to the strings so that
the striking distance is lessened by one-half, or
by shifting the keyboard action bodily, removes
t.l{e stroke of the hammer from three to two
strings, one being left unstruck, but not silent,
since it vibrates in sympathy with the sounding
strings with which it is in tune. This sympa-
thetic vibration gives a beautiful =olian tone
quality that has been recognized by modern
composers from- Chopin to Liszt as of much ad-
vantage. The “forte” or loud pedal is pressed
by the right foot and raises all the dampers
s0 that the strings struck continue to vibrate
even after the keys are released. The “tone-
sustaining” pedal, although not invented by the
Steinways, is often found in their grand pianos.
It is an arrangement that, instead of raising
all the dampers, allows the player to prolong
any note or group of notes by keeping raised
only such dampers as are raised by the kevs
when the pedal is down. In many upright
pianos a soft pedal (Celeste) is applied by
mechanically interposing a strip of thin felt be-
tween thc hammers and the strings, thus ma-
terially diminishing the sound, and affording a
great convenience in practising.

The earliest compositions for the piano-
forte appear in a volume entitled ‘Sonate da
Cimbalo di Piano e Forte, detto volgarmente
di Martellatti.” Dedicato a Sua Altezza Reale.
II' serenissimo D. Antonio Infante Di Porto-
gallo, e Composto da Lodovico Guistini di Pis-
toia. Opera Prima, Firenzi, 1732, the year
after Cristofori died. The first compositions
which showed a technique characteristic of the
pianoforte are the three sonatas by Muzio
Clementi, published in 1773. From that date
the composers studied the new instrument and
employed the proper technique, with the result,
as in the case of Beethoven’s magnificent piano-
forte compositions, that they went beyond the
capabilities of the instruments of that time, and
stimulated the J)iano—makers to increase both
the compass and the power of the instruments.
Increase in the power of tone demanded strings
of greater thickness, while the extension of
scale called for an increased number of strings,
and, consequently, an enormous increase in the
tension strain on the frame. These conditions
led to the use of metal for frames, beginning
with the hollow metal tube framing patented by
Allen and Thom in 1820, followed bv the cast-
iron frame of Babcock of Boston, in 1825, and
the improvements of Jonas Chickering, who in-
troduced the full iron frame in 1837. Then
came Steinway and Sons, who in 1859 intro-
duced the overstrung scale, permitting a much
larger number of wires in a small space; thus
the modern pianoforte was developed to its
%gesetll;)state of perfection and power (see

ig. .

Some of the men who have made the piano
history of America are Jonas Chickering, the
pioneer, whose place in the trade was later
filled by Thomas E. and C. Frank Chickering;
George and Francis Bacon; James A. Gray,



58 PIANOFORTE

William Boardman, A. H. McPhail, E. N.
Scherr, Henry Lindeman, H. C. Schomacker,
Ernest Knabe, Henry Hazleton, Hugh Hard-
man, Napoleorr J. Haines, Atbery Weber, Henry
E. Stcinweg (later Steinway), Charles, Henry
and C. F. Theodore Steinway, William and Al-
bert Steinway, T. A. Heintzmann, F. G. Smith,
Myron A. Igecker, Hugo Sohmer, Frederick
Mathushek, William Wheelock, Simon
Krakauer, W. B. and H. B. Tremaine, Edwin
S. Votey, W. W, Kimball, Edwin S. Conway,
Rudolph Wurlitzer, etc.

An important modern invention is the
®olian attachment, by which a current of air
is directed against the strings to reinforce the
vibrations. Considerable increase in the vol-
ume and duration of the tone is thus obtained.
Of course the device was not available until it
became customary to use a small motor or a
bellows for power. Another invention for ob-
taining an xolian effect was brought out in
1891 by Eisemann of Berlin, who introduced
electromagnets placed close to the strings. The
pressing of any of the keys closed electric cur-
cuits, energizing the appropriate magnets and
enhancing and sustaining the vibrations of the
notes affected. This device had the novel effect
of altering the tone of the piano so that the
strings gave sounds resembling harp strings.

Of devices embodying dumb keyboards for
practising purposes, the “digitorium’ or dumb
piano, consisting of a portable box equipped
with five keys supported on springs, and the
“practice clavier® invented by Virgil of New
York in 1883, are the modern representatives
of a very old idea. The use of the former has
been severely condemned by good musicians;
but the latter, which possesses a complete key-
board, is of great use in the practice of a legato
touch. The mechanical arrangement affords two
audible clicks—one when a key is pressed
down and the other when it is released, so that
the only observation required of the performer
is to note that the two clicks caused by the de-
pression of one key aud the release of the next
coincide. The apparatus may be so adjusted
that the action can be regulated at will, from
the lightest, two ounces, pianoforte touch, up to
a touch exertine a pressure of 20 ounces. Its
use is of great advantage in acquiring strength
of the fingers and for purely technical exer-
cises.

The mechanical or automatic piano had its
origin in an adaptation of the perforated cards
of a Jacquard loom, in which the holes are
positioned so as to direct the disposition of the
threads in a pattern. The earlier patents for
the use of this principle for playing the keys
of a piano were by Seytre of France, Bain of
Scotland and Pape of Paris. The principle is
applied by means of a continuous roll of stout
paper in which are holes or perforations posi-
tioned so that as the roll is unwound air is
permitted to pass through the holes to the
tubes indicated, thus being directed to operate
the right piano keys at the correct time. Elec-
tromagnets have also been employed to make
the connections between the perforated roll and
the keys, but as a rule the modern automatic
pianos and Elayer-pianos depend on a bellows-
pump and the resulting air-pressure or suction
to strike the keys and operate the instrument.

The first markedly successful machine in-
volving this principle was made as an attach-

ment to a piano and named the “Pianola® (sce
Fig. 12). This is placed in the front of the
piano so that its “pneumatic fingers,® usualy 65
in number, will strike the keys of that instru-
ment. It is operated by means of pedals, levers,
the tempo regulator, pneumatic action and per-
forated music rolls. It possesses the great ad-
vantage in that the player can exercise a cer-
tain control over expressive interpretation of
musical work, by automatically developing the
phrasing indicated in the score, .which 1s to
music what punctuation is to literary work. To
this capacity is added that of fine dynamic
shading and variations in tempo, productive of
tone-color and accent. The touch of the pianola
is produced by the action of jets of compressed
air, which act on the keys of the piano, and is
as nearly like that of l?nluman fingers as it is
possible to obtain by mechanical means. The
air being exhausted with greater or less sudden-
ness furnishes a pliant and resilient quality that

PF1G. 11.— Small Grand Pianoforte.

affords a range — from the soft velve
to a blow as powerful as that exerted by Liszt
or Rubinstein. The tempo-indicator is used in
accordance with the system of markings on the
perforated roll music, so that the piece is played
exactly in the time intended by the composer.
The time-shading of the various passages being
prescribed by the metronome, perfect time is
obtained by simply moving the tempo-lever back
and forth upon a dial marked from 0 to 130, to
accelerate or retard the movement. It is also
equipped with a forte-lever, to still further
sustain and control expression.

The immense sale of the pianola led piano-
makers generally to seek to incorporate its prin-
ciples into their machines, and hence arose the
player-piano, which type of instrument has
so taken the market, that the demand for an
old-style hand-played upright is rapidly reduc-
ing. Each of the leading manufacturers brought
out some form of player-piano that would pla
music furnished in the roll, and at first eacz
gave a special name to his product. But as
there was little difference in the mechanisms,
the public came to pay less attention to the
trade names, and all these instruments have

legato
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come to be classed as player-pianos. After a
time it became obvious that it was to the in-
terest of the trade to have a standard width
of music roll, so that music could be run on
any player-piano, and a trade agreement was
entered into to that effect between leading
manufacturers. The typical player-piano has
a bellows, operated usually by foot-pedals like
those of parlor-organs; also a compensating
or equalizing device to govern the air-pressure,
whiecl is very necessary; a series of air-tubes
to which a current is admitted when a perfora-
tion of the traveling music-roll uncovers the
desired valve; a motor (which may be based
on the bellows-power) for moving the paper
roll, and a tracker-mechanism for utilizing the
air-pressure or vacuum, to strike the keys of
the piano itself. There are also controlling
levers for regulating the time, by allowing the
roll to move slower or faster; also for re-

winding and for producing the expression.
Large player-pianos are made on this prin-
ciple and fitted with electric motors for use
in furnishing automatic music in “movie”
theatres, on shipboard, etc., these being com-
monly called automatic pianos.

In 1914 there were manufactured in the
United States 183,368 pianos, of the total value
of $62,775,000, this being a slight reduction as
compared with the production in 1909, though
a qﬁnn of over 30 per cent as compared with
1904. The production of player-pianos in 1914
attained two-fifths of the total value, and in
1918 it is estimated that the majority of the
pianos are made either with a player embodied
in the design or with such attachment. The
annual production of music rolls for such
pianos in 1918 was over $1,000,000. During
the period between 1909 and 1914 the number
of upright pianos made in the United States
for or with player attachments increased from
34,495 to 88,078, or by 154.6 per cent, and their
value increased from $9,275,001 to $20.892,Sl4
or by 1185 per cent. The number of granci
pianos made for or with player attachments
increased from 21 in 1909 to 831 in 1914, and
their value increased from $28,900 to $413,665.
The output of player-pianos in 1914 included
3,352 automatic_pianos, valued at $1,373,206.

There were 255 piano factories in the United

States in 1914, giving employment to 24,000
persons and paying out nearly $16,000,000 in
wages. They purchased that ycar necarly $30,-
000,000 of materials, adding ¥33,000,000 value
in process of manufacture. The leading States
in the piano manufacturing industry are Illinois,
Indiana, New York, Massachusetts, New Jersey
and Michigan, .

Bibliography.— For further modern in-
formation consult Spillane, ‘History of the
American Pianoforte’> (New York 1890) ; Hip-
kins, ‘History of the Pianoforte’ (London
1896) ; Rimbault, ‘History of the Pianoforte’
(London 1860) ; i’aul. (Geschichte des Klaviers?
(Leipzig 1868) ; Bie, ‘History of the Piano-
forte and Pianoforte Players’ (London 1899) ;
Bluethner and Gretschel, ‘Lehrbuch des Piano-
fortebauen’ (Weimar 1886) ; White, ‘Theory
and Practice of Pianoforte Building’ (1906) ;
Dolge, ‘Pianos and Their Makers’ (1913) ; Van
Atta, ‘Treatise on the Piano and Piano Player’
(1914), and for information of the earlier type,
consult Schlick, ¢Spiegel der Orgelmacher’
(Mainz 1511, Berlin reprint, 1869); Virdung,
(Musica Getuscht und ausgezogen’ (Basel 1511,
Berlin reprint 1882).

PIANOFORTE INSTRUCTION, Meth-
ods of. The word “method,” as applied to piano-
forte instruction, may be used in a double sense.
In the first })lace 1t may refer to the current
collections of exercises and pieces which are
used for the teaching of beginners; in the
second place it may refer to modes or prin-
ciples of instruction. We shall use the word
only in the broader sense. To be sure, the two
meanin?s overlap to a considerable degree. A
plan of instruction is generally embodied in
books intended for the guidance of pupils, and
collections of the kind mentioned are likely
to contain suggestions of a pedagogic nature in
additian to the material they offer for prac-
tice. Methods have been numerous, and it
cannot be our erpose to go into a detailed
enumeration and consideration of them. Nor
will it be necessary. For most of the systems
of former days have been superseded by later
ones, so that an examination of the former
would have only a remote, historic interest.
Amon$ the more important systems of the first
half of the 19th century were those of Logier,
Kalkbrenner and Czerny. A peculiarity of the
Logier method was its employment of the
mechanical device known as the chiroplast;
likewise the simultaneous teaching of many
pupils. Kalkbrenner used a modified form of
the chiroplast, called the hand-guide. Czerny
was the pedagogue who especially promoted the
technical side of piano playing. any of his
études are classical and are still in use among
teachers. Plaidy had the same end in view
in his well-known ¢Technical Studies.’ It is
peculiar that the individuals in whom piano-
forte virtuosity found its culmination — includ-
ing Liszt, Tausig, Biillow and Rubinstein —
should have given us no methods of instruc-
tion. Tausig, to be sure, left a collection of
valuable studies, a feature of which is the per-
sistent use of certain fingerings, unobstructed
by the presence of black keys. And Biilow
has likewise embodied some novel ideas on
fingering in the editions flowing from his pen.
But nothing approaching a system or method
was left by any of these men. The more im-
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portant methods of recent times are those of
Kéhler, Deppe, Leschetizky, Mason and Virgil—
the two latter being the product of American
thought. The Kohler method is careful and
betrays great pedagogic ability; but it is some-
.what dry and lacks important features which
are the result of more recent insight. De;:;)e’s
method lays great stress on ease and freedom
of movement and advocates co-operation of the
arm in playing. His maxim is: “If it looks
well, it is right> Leschetizky has been famous
as the teacher of a great number of eminent
pianists. In consequence his system has gained
wide celebrity. An examination of the same,
however, as outlined by some of his assistants
(Brée, Prentner), fails to reveal any startling
innovations and so we are inclined to attribute
his success to personal qualities as a teacher
rather than to peculiar secrets of system. Mr.
Mason may be regarded as the Nestor of Amer-
ican teacher-virtuosos. He published a method
entitled ‘Touch and Technic,” which is very
popular on this side of the Atlantic. Opposed
to the stiff finger and wrist playing of former
days, he aims particularly at beauty of touch.
Like Deppe, he lays stress on arm movements,
his analysis of the same being especially illumi-
nating. He likewise developed an ingenious
method of practising scales and arpeggios in
various rhythms and tempos. The Virgil
method is unique inasmuch as it makes use of
the dumb piano called the Practice Clavier.
Tone is here replaced by clicks, which can be
produced both by the up and down action of
the keys. Likewise the force necessary to de-
press the keys is subject to regulation. Special
printed instructions of a very detailed nature
are supplied for the guidance of teachers and
pupils. *

In general, the tendency of modern instruc-
tion has been toward frcer and more natural
movements and specifically toward a' more
liberal use of the arm. Playing in the older
days was comparatively stiff. It proceeded
mainly from the fingers and wrist and the
members not directly involved were supposed
to be held quiet. This has been changed of
late: the old hammer-like touch of the fingers
is having its supremacy disputed by touches
that depend more on pressure, while the arm
and forearm are constantly being brought into
play. Even the time-honored motion of the
thumb under the palm of the hand, in perform-
ing scales and arpeggios, is no longer insisted
on so rigorously, and deft arm-movements are
coming into the foreground.

Among the foremost innovators in this
movement is Rudolf M. Breithaupt. He has
published a voluminous treatise entitled ¢Die
natiirliche Klaviertechnik,” which is searching
in its analysis and replcte with excellent sug-
gestions. Among other things, Breithaupt aban-
dons the traditional wrist stroke, and his play-
ing of scales is accomplished by means of gand
and forearm movements, with the minimum
passing under of the thumb.

While this is not the place to pronounce
judgment on methods, we may refer to the con-
sensus of modern opinion in favor of freer and
more natural movements and liberal co-opera-
tion of the arm. The results which have been
arrived at are based on careful analysis and
seem destined to beccome permanent. Among
the future advances to be expected in the field

under consideration is the application thereto
of psychological methods. Hitherto very little
has been accomplished in this direction. Yet
there is hardly a field which is more favorable
to the work of the psychologist. The exact
determination of the best playing motions, the
regulation of practice hours, the testing of
pupils for musical talent — these are but a few
of the many things with which psycholo%y
would be competent to deal. There is no doubt
that this work will soon be taken up. And
the results will be shown in heightened efficiency
on the part of the teacher and greater progress
on the part of the pupil.
ALBERT GEHRING,
Author of ‘The Appreciation of Music, etc.

PIANOLAS. See PIANOFORTE.

PIARISTS, members of a religious order,
known as ®Patres Piarum Scholarum,” and de-
voted especially to the education of the young.
The order was founded in 1597 by a Spanish
nobleman, Joseph Calasanza (Saint Joseph
Calasanctius) (1556-1648). In 1621 the order
was approved of by Gregory XV, and endowed
by Innocent XII with all the privileges of a
mendicant order (1690). Much of the work of
the Piarists was accomplished in Poland and
Austria, where there are still flourishing several
Piarist schools. The members of the order
number some 2,000 and they manage about 200
educational establishments. (See Orbers, REe-
Licious). Consult Heimbucher, M., ‘Die Orden
und Kongregationen der Katholischen Kirche’
(Paderborn 1907) ; ¢Ordinis Clericorum Reg-
ularium Pauperum Matris Dei Scholarum
Piarum Catalogus Generalis> (Rome 1909);
Seyffert, E. J. A., ‘Ordensregeln der Piaristen’
(2 vols,, Halle 1783). )

PIATT, pi'at, Donn, American lawyer and
journalist: b. Cincinnati, Ohio, 29 June 1819;
d. Cleveland, Ohio, 12 Nov. 1891. He was
educated at the Athenzum, now Saint Xavier's
College, Cincinnati, and by private tutors.
Though he studied law with his father for a
number of years and became a partner in his
older brother's law firm, he devoted much of
his time during these years to writing for news-
papers. In 1852 he was appointed judge of
the Court of Common Pleas of Hamilton
County, Ohio. On account of the failing health
of his wife — he had married in 1847 — he went
to France in the summer of 1853 and settled
in Paris, from which city he did considerable
writing for American and English newspapers
on current events. In April 1854 he was ap-
pointed secretary of legation at Paris by
President Pierce, acting as chargé-d'aff ares
whenever his chief was absent or ill and ac-
quitting himself in this responsible position with
great credit. In 1855 he returned to the United
States and again took up his former interests,
politics and journalism. He was an active sup-
porter of Lincoln and Fremont. On the out-
break of the Civil War he entered the Union
army as a private, attained the rank of -colonel
and was assistant adjutant-general and chief
of staff of General Schenck. He resigned in
1864, and in the fall of 1865 was elected as a
Republican member of the Ohio house of rep-
resentatives. In 1868 he accepted the position
of Washington correspondent of the Cincinnati
Commercial. In March 1871 he founded and
began to edit the Washington Capital. In 1880
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he decided to retire to his old home in Ohio,
Mac-o-chee, . about 100 miles north of Cin-
cinnati. He did not dispose of his financial
interest in the Capital, however, until 1890.
During the years of his retirement he devoted
himself to literature and farming. He wrote

(The Memoirs of the Men Who Saved the

Union> (Chicago 1887) ; ¢‘The Lone Grave of
the Shenand and Other Tales’ (Chicago
1888) ; ‘Poems and Plays’ (Cincinnati 1893);
‘Sundaﬁ Meditations’ (Cincinnati n. d.); with
H. V. Boynton, ‘General George H. Thomas’
(Cincinnati 1893). Consult Miller, C. G., ‘Donn
fal;;t) : His Work and His Ways’ (Cincinnati

PIATT, John James, American poet: b.
James’ Mill, Dearborn County, Ind., 1 March
1835; d. Cincinnati, Ohio, 16 Fed. 1917. He
was educated at Capitol University (Columbus,
Ohio) and Kenyon College (Gambier, Ohio),
was clerk in the Unmited States Treasury Depart-
ment in 1861-67, librarian of the United States
House of Representatives 1871-75, consul at
Cork, Ireland, in 1882-93 and consul at Dub-
lin April-September 1893. In 1868-69 he was
editorially connected with the Cincinnati
Chronicle and in 1869-78 with the Cincinnati
Commercial. He attained considerable recogni-
tion among American minor poets. His works
include ‘Poems by Two Friends’ ‘&}860), with
W. D. Howells; ‘The Nests at Washington’
(New York 1864), and ‘The Children Out-of-
Doors: A Book of Verses by Two in One
House? (Cincinnati 1835), with S. M. B. Piatt
(g.v.); ‘Poems in Sunshine and Firelight’
(Cincinnati 1866) ; ‘Western Windows and
Other Poems’ (New York 1869); ¢The Pio-
neer’s Chimney, etc.” (Cincinnati 1871) ; ‘Land-
marks, The st Farm and Other Poems’
(New York 1872); ‘Poems of House and
Home’> (Boston 1879); ¢Penciled Fly-Leaves’.
(Cincinnati 1880); ‘At the Holy Well> (Dub-
lin 1887); ‘Idyls and Lyrics of the Ohio Val-
ley> (Boston 1888) ; ‘A Book of Gold> (1889);
‘The Lost Hunting Ground, etc.’ (London
1893) ; “Little New-World Idyls> (New York
1893) ; ¢The Ghost’s Entry and Other Poems’
(1895) ; ‘A Return to Paradise.’ He has also
edited: ‘The Poems of George D. Prentice’
(Cincinnati 1876) ; ‘The Union of American
Poetry and Art’> (Cincinnati 1880) ; ‘The Hes-
perian Tree, An Annual of the Ohio Valley’
(Cincinnati 1900-03). Consult Howells, W. D.,
3ohn ames Piatt> (in Harper's Magazine,

ol. XXV, p. 291, New York 1917).

PIATT, Sarah Morgan Bryan, American
poet: b. Lexington, Ky., 11 Aug. 1836. She was
graduated from Henry Female College, New
Castle, Ky., and was married in 1861 to J. J.
Piatt (q.v.). Her first poems were published in
the Louisville, Ky., Journal She spent many
years in Ireland, where her husband acted as
United States consul at Cork and Dublin, with
whom she published ‘The Nests at Washing-
ton and Other Poems’ (New York 1864) : and
(The Children Out-of-Doors’ (Cincinnati 1885).
Her other works include ‘A Woman’s Poems’

Boston 1871); ¢That New World and Other
oems’ (Boston 1876); ‘Poems, in Company
with Children’> (Boston 1877); ¢‘Dramatic Per-
sons and Moods, with Other Poems’ (Boston
1880); ¢An Irish Garland’ (Boston 1885);
‘Selected Poems’ (Boston 1885) ; ¢In Primrose

Time: A New Irish Garland’ (Boston 1886) ;
¢A Voyage to the Fortunate Isles and Other
Poems?> (Boston 1886); ¢Child's World Bal-
lads’> (Cincinnati 1887); ¢The Witch in the
Glass? (1889); ‘An Irish Wild Flower, etc.’
(New York 1891); ¢An Enchanted Castle’ -
(New York 1893) ; ‘Completed Poems’ (2 vols.,
New York 18%4); <Child’'s World Ballads,
Second Series? (Cincinnati 1895).

PIAUHY, pé-ow-&, or PIAUHI, a state
of southern Brazil, bounded on the north by the
Atlantic (for only 43 miles), on the east by
Ceara and Pernambuco, on the south by Bahia
and on the west by Maranhio, the boundary
being the Parnahyba River, into which all the
streams of the state flow. The only one of any
importance is the Piauhy, which gives its name
to the state, rises in a range also called Piauhy,
about 350 miles from its junction with the Par-
nahyba, and is scarcely ever navigable because
of the scant rains. The state has mountain
ranges on its eastern and southeastern borders,
and river-pierced plateaus elsewhere. The area
is officially given as 232,712 sq. km., or about
90,000 square miles. The climate is unhealthy;
the rainy season often lasts only a few weeks
and occasionally, as in 1877 and 1880, does not
come at all. Then famine and typhus follow.
The capital city is Therezina, about 220 miles
inland on the Parnahyba River, with about
30,000 inhabitants, and some trade in cotton
and cattle.  Therezina is connected with
Amarragao, the only port of the state on the
Atlantic Ocean, l}lxha steamship line. Another
line runs from erezina_to the upper limit
of navigation on the Rio Parnahyba, Floriano.
Various railways have been planned bur so far
only about 75 miles of the line Therezina —
Saint Luis (in Maranhio) have been completed.
This line is called the Caxias and Therezina
Railway. The population of the state is
scanty and includes some independent Indian
tribes in the southwestern part; it is estimated
at 425,000. The principal crops of the state
are cotton, tobacco, manigoba, rubber, sugar
and cereals. More important is the raising of
cattle and goats. There are also extensive for-
ests. The mineral wealth is known to be con-
siderable, but is practically undeveloped. Con-
sult Buley, E. C., ‘North Brazil> (New York
1914) ; Domville-Fife, C. W, ‘The United
States of Brazil> (New York 1911); ¢The
South American Yearbook’> (London 1915).

PIAZZA, in archstecture, a portico, or cov-
ered walk, supported by arches. It properly
signifies a square, or open place of any shape,
in a city, and has derived its architectural mean-
ing from the fact that in warm countries such
open places are in very many instances sur-
rounded by covered walks. Consult Matthews,
A, (Piazza’> (in Nation, Vol. LXVIII, p. 416,
New York 1899).

PIAZZI, Giuseppe, joo-sép'pé pé-at'sé, Ital-
ian astronomer: b. Ponte, Valtellina, Itaiy, 16
July 1746; d. Naples, Italy, 22 July 1826. He
was educated in Milan, Turin and Rome, and
appointed professor of mathematics at the Uni-
versity of Malta in 1770, where he remained
until its abolition in 1780. In the same year he
accepted the chair of mathematics at Palermo,
where, through his efforts, an observatory was
established in 1789. Previous to its opening he
made a journey to England where he established
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friendly relations with the English astronomers
Maskelyne, Herschel, Vince and Ramsden. At
his new observatory he made important investi-
gations, the results of which were published in
1792, and in 1801 he discovered the first of the
planetoids known to science, which he named
Ceres. Though it was visible for but a short
time his observations were sufficient to com-
ute its orbit so that it was found in the fol-
owing year. In 1803 he completed his first
catalogue of the fixed stars, which contained
6,784 stars, and received a prize from the In-
stitute of France at Paris, to which it was ded-
icated. His second catalogue containing 7,646
was completed in 1814 and also received recogni-
tion from the Institute at Paris. This catalogue
has been of great and lasting value and Piazzi’s
observations are now being used in a new com-
putation by modern methods. He also made
valuable discoveries concerning comets, and in
1817 was appointed chief director of the govern-
ment observatorx at Naples. His most import-
ant work after his catalogue was ‘Lezioni ele-
mentarii di Astronomia’> (2 vols., Palermo
1817). The Kaiserlich-Konigliche Sternwarte,
Vienna, has published in its ¢Annalen’ (2 series
Vols. IV-XII, Vienna 1841-51) a collection of
his observations under the title ‘Piazzis Beo-
bachtungen, 1792-1813.> Consult Edinburgh
Journal of Science (Vol. VI, p. 193, Edin-
burgh 1827), containing a list of his works;
Grant, R., ‘History of Physical Astronomy’
London 1852) ; Maineri, B. E., ‘L’Astronomo
. Piazzi> (Milan 1871). .

PICA, a genus of the Crow family; the
magpie (q.v.).
. PICA, the former name of a size of print-
ing type now known as 12-point. It was used
as a base or standard for all type measurement.
Six picas square equaled one square inch. It
was the double of nonpareil, which is now called
6-point. See also PrINTING. Consult De Vinne,
T. L, ‘Plain Printing Types’® (New York
1900) ; Legros, L. A., and Grant, J. C, ‘Typo-
graphical Printing-Surfaces> (London 1916).

PICA, a perverted or morbid appetite for
substances ungt for food, or incapable of diges-
tion. It is most common in chlorosis and in
pregnant and hysterical women. Some insane
persons and idiots are subject to it, introducing
into the stomach such articles as string, paper
and cocoanut fibre. The perverted appetite
causes persons having it to eat, with apparent
relish, chalk, slate-pencils, coal, plaster, earth,
clay pipes, stones, and even filth. Dirt and clay
eating (geophagia) exists not only among sav-
ages, but also in certain sections of the civilized
world, mainly among the lower classes, althou'ih
sometimes educated people indulge in it. In the
case of an appetite for articles of a repulsive
nature the disease is called coprophagy, or dung-
eating. Physicians incline to regard the vitiated
tendency of the appetite as a_neurosis connected
with the digestive system. It may in some in-
stances be the outcome of habit resulting from
the silly desire for notoriety; it may depend on
a disordered condition of the brain; may be
caused by bad and insufficient diet and chloro-
anzmia; by inflammation of the mesentery or
“the presence in the duodenum of numerous
nematoid parasites.” It has been supposed that
some of the substances eaten supply a deficienc

in some of the ingredients of the ordinary food.

Horned cattle and sheep are also subject to
pica. Prolonged eating of dirt, clay and other
unusual substances usually produces emaciation,
a_ protuberant abdomen and a sallow com-
plexion. Sometimes there are serous effusions
and hypertrophied liver and spleen. The treat-
ment consists in removal of the causes and the
substitution of proper diet. See BuLiMIa.

. PICARD, George Henry, American nov-
elist: b. Berea, Ohio, 3 Aug. 1850. He was
graduated from Baldwin University, Berea, in
1869, and from the Cincinnati Medical College in
1877. He has published ‘A Matter of Taste’
(1887) ; ‘A Mission Flower> (1887) ; ¢Old Bon-
iface’> (1881); ‘Madame Noel> (1900); The
Bishop’s Niece’ 9902). He is also managing
editor of the McClure Newspaper Syndicate.

PICARD, Jean, zhén pé-kir, French as-
tronomer : b. La Fléche, 21 July 1620; d. Paris,
12 July 1682. He took orders and became prior
of Rill¢ in Anjou. He aided Gassendi in the
observation of the solar eclipse of 25 Aug. 1645,
and in 1655 succeeded to Gassendi’s chair in the
Collége de France. In 1666 he became one of
the original members of the Academy of Sci-
ences. He was the first to apply the telescope
to the measurement of angles; improved instru-
ments and methods; founded the Connaissance
des Temps, an astronomical annual; and by his
efforts secured the establishment of the Univer-
sity of Paris. But his principal achievement
was the first exact measurement of a degree of
the meridian, made in 1669-71 between Amiens
and Malvoisine. In 1671 he made a voyage to
the island of Uranienburg in connection with
the astronomical observations of Tycho-Brahé.
On 11 Jan. 1672 Oldenburg read before the
Royal Society of London a letter from Paris
describing Picard’s method and the length of a
degree as determined by him. It is probable
that it was Newton’s knowledge of this meas-
urement that led him to regard his original con-
fiecturc of gravitation as satisfactorily estab-
shed. (See NewToN, Sir Isaac). The follow-
ing of his works have been published sepa-
rately: ‘Degré du Meridien, entre Paris et
Amiens, etc.> (Paris 1740); ‘Measure de la
Terre’ (Paris 1740) ; ¢Traité de Nivellement,
etc.’ (Paris 1780). Others of his writings have
been published in ‘Memoires de I'Académie des
Sciences, Institute de France.’ ’
PICARD, Louis Benoit, loo-é bé-nwi,
French dramatist: b. Paris, 29 July 1769; d.
there, 31 Dec. 1828. He went on the stage and
began writing for it at the age of 18, and had
his first play, ‘Le Bandinage Dangereux,’ a
comedy, accepted in 1789. In 1791 his play
¢Encore des Méncchmes’ gained for him repu-
tation as a playwright. During the Revolution
he acted in several of his plays. In 1800 he be-
came director of the Louvois Theatre. In 1807
he was elected a member of the French Acad-
emy. In the same year he was appointed di-
rector of the Opera, but gave up this position
in 1816 to become director of the Odéon where
he continued until 1821. Though not a drama-
tist of the first class, his plays, comedies in
prose and verse, exhibit many pleasing char
acteristics. His style was easy, his power 0O
invention considerable, his humor unforced, his
dialogue very natural. He was a prolific
writer, producing 94 comedies and seven novels.
In some of the former he was assisted by col-
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laborators. His novels were of small import-

ance and added little, if anything, to his literary
reputation. Among his best plays are Médio-
cre et Rampant’> (1797); ‘La Petite Ville’
(1801) ; ‘Les Marionettes’ (1807); ¢L'Intri-
guant Maladroit> (1820). Part of his works
were published in 1812. A full collection of
them was published as ¢CEuyres de Picard’ in
10 volumes (Paris 1821). Various selections have
been issued: ¢(Euvres Choisies’> (New York
18303; (Théitre de Picard’ (2 vols.,, Paris
1877) ; ¢Théitre Choisi de L. B. Picard’> (Paris
1881). Many of his plays have been translated
into various foreign languages. Only two, how-
ever, have been translated in English: ¢The
Parasite, or the Art to Make One’s Fortune’
(Philadelphia 1872) ; ‘The Rebound’ (trans.
by B. H. Clark, New York 1915). Two of
his plays — ‘Encore des Ménechines’ and
(Médiocre et Rampant’> — have been translated
into German by Schiller, and from his German
into English as ‘The Nephew as Uncle’ (by
G. G. Harris, Leipzig 1856; by T. C. Wilkinson,
Ipswich 1882) ; and ‘The Parasite, or, the Art
to Make One’s Fortune’ (bﬁ/ F.S. Ngsson, Leip-
zig and New York 1856; by J. S. S. Rothwell,
Munich 1859). Of his novels only one has
been translated into English as ¢The Gil Blas
of the Revolution, or, the Confessions of Law-
rence Giffard> (3 vols., London 1825). Con-
sult Dawson, { C., ‘La Petite Ville> (New
York 1913); Lenient, Ch, ‘La Comédie en
France au XVIIIe siécle> (2 vols, Paris
1888) ; ‘La Comédie en France au XIXe
siécle’ (2 vols., Paris 1808). -

PICARD, a modification of Beghard; see
BfcuiNes; REeLiGious SEcrts.

PICARDY, France, an ancient province,
now included in the department of the Somme
and parts of  the Pas-de-Calais, Oise and the
Aisne. Amiens was the capital of the prov-
ince. In 1435 Picardy was joined to Bur-
fundy and in 1477 became a part of France.
n the Great War of 1914-18 it was the scene
of much of the fighting on the western front.
The struggle initiated with the great offensive
of the Germans on 21 March 1918 is known as
the battle of Picardy.

PICARIXE, a group of families of birds,
variously limited by ornithological systematists.
In its later significance, as established by
Nitsch (1820) and substantially adopted by
Sclater and the more recent writers, it included
the rollers, hoopers, kingfishers, cuckoos, par-
rots, trogons, woodpeckers, nightjars, owls,
swifts. humming-birds and their immediate al-
lies, which consequently are known as ®pica-
rian® birds. The still more modem group
Coracisformes nearly conforms with it but
cmits the parrots and cuckoos. The group
embraces more than 1,800 species, mainly trop-
ical — most of the families being exclusively so.
The group is fully discussed by Stejneger,
‘Standard Natural History’? (Vol. 1V, 18&5).
and by Evans, ¢(Cambridge Natural History’
(Vol. IX, 1900).

PICASSO, pé-kis'sd, Pablo, Spanish painter
and sculptor: b. Malaga, 1881. Picasso is of
the post-impressionist school and is famed as
the founder of cubism. While eminent as a
technician he has ever sought the psychical in
form rather than the physical and regards color

only as to its light effects. His paintings and
sculptures were exhibited at the Grafton Gal-
leries, London, in 1912, and at the International
Exhibition of Modern Art in New York in
1913. Consult Huneker, J. G, ¢The Pathos of
Distance’ (New York 1913).

PICAYUNE, pik-3-yoon’, a name derived
from the Carib language and used in Louisiana
for a small coin worth six and one-quarter
cents, current in the United States before 1857
and known in different States by various names
(fourpence, fippence, fip, sixpence, etc.). The
word picayune has long been used, especially in
the Southern States, in a slang sense to indi-
cate a person or thing of slight value or small
importance.

PICCADILLY, pik'3-dil-i, in London, a
famous street extending for a mile between the
Haymarket and Hyde Park corner. At its
northern end is an open space known as Pic-
cadilly Circus. Its western half is flanked on
the south by the Green Park. In one part of
Piccadilly are many fashionable residences and
clubs, while another portion contains many
handsome shops and stores. Many articles of
wearing apparel have been named after Pic-
adilly, from having been first offered for sale
by haberdashers in this thoroughfare. Indeed,
it is claimed that the very name of the street
has a connection with this trade, though its
origin is not absolutely established. About
1623 there was a Pickadilly Hall at the north-
east corner of Haymarket and it is surmised
that the owner of it had acquired his fortune
by the sale of pickadillies, by which name the
hems or collars worn with the costumes in
vogue at the beginning of the 17th century were
known. In its long history Piccadilly has seen
many changes. In 1902 part of it was consider-
ably widened. In spite of the fact that some
of its historical houses have had to give place
to improvement at various times, there are still
many buildings left which possess great his-
torical interest. Amongst these are Saint
James’s Church, built by Wren in 1682-84; Bur-
lington House, part of which dates back to
1695, and which now houses the Royal Society
and many other scientific bodies as well as the
Royal Academy of Arts; Devonshire House;
Apsley House, the residence of the Duke of

ellington. At 139 Piccadilly Lord Byron
passed part of his married life and his only
daughter was born there. Of more modern
houses there are the Museum of Geology; Pic-
cadilly Hotel; Royal Institute of Painters in
Water Color; Prince’s Restaurant; the Albany
Chambers, long residence of many famous
English writers; the Burlington Arcade, the
home of many fashionable shops. Among the
clubs located in Piccadilly are the Naval and
Military, formerly the house of Lord Palmer-
stone, Junior Naval and Military, Badminton,
Saint James'’s, Savile, Junior Athenzum, Cav-
alry and Lyceum. Consult Baker, H. B,, ‘Stor-
ies of the Streets of London’> (London 1899) ;
Besant, Sir Walter, ‘London of the 18th Cen-
tury’ (London 1902); ‘London of the 19th
Century’ (London 1909); ‘North of the
Thames’> (London 1911); Clinch, G., ‘Mayfair
and Belgravia’> (London 1892); Hatton, E,
(A New View of London’ (London 1708);
Harrison, Walter, ‘A New and Universal His-
tory, Description and Survey of the Cities of
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London and Westminster, Etc.” (London 1776) ;
Hunt, J. H. Leigh, ‘The Town, Etc.” (London
1848) ; Hutchings, W. W., (London Town,
Past and Present’ (London 1909); Hutton,
Laurance, ‘Literary Landmarks of London’
(London 1897); Jesse, f' H., ‘Literary and
Historical Memorials of London> (Vol. 1
London 1847) ; Lambert, B., “The History and
Survey of London’> (4 vols, London 1806);

Lang, Andrew, ‘Piccadilly’ (in Scribner's
Magasine, Vol. X, p. 135, New York 1891);
Lang, E. M., ‘Literary London’ (London

1906) ; Lemon, M., ‘Up and Down the London
Streets’> (London 1867) ; Loftie, W. J., ‘Lon-
don City: Its History, Streets, Traffic’ (Lon-
don 1891); ‘New and Compleat Survey of
London’ (2 vols., London 1742) ; Skinmer, R.,
¢A New and Complete History and Descrip-
tion of the Cities of London, Westminster, Etc.?
(London 1796) ; Smith, J. 13‘.. ¢(An Antiquarian
Ramble in the Streets of London, Etc.> (2 vols.,
London 1846) ; Stopes, C. C., ‘Early Piccadilly’
éjn Atheneum, p. 125, London, July 19013,;

aylor, G. R. S., ‘An Historical Guide to Lon-
don’> (London 1911); Weir, W., ‘Piccadilly’
(in “London,> ed. by Chas. Knight, Vol. I, p.
297, London 1841) ; Welch, C., ‘Modern History
of the City of London’ (London 1896) ; Wheat-
ley, H. B.,, ‘London, Past and Present’> (Vol.
I1I, London 1891); ¢Round About Piccadilly
and Pall Mall> (London 1870).

PICCINNI, pét-ché’'né, Niccolo,
musical composer: b. Bari, Italy, 16 Jan. 1728;
d. Passy, near Paris, France, 7 May 1800. He
studied at the Conservatory of San Onofrio at
Naples and began to compose comic and serious
%eras, chiefly for the stages of Rome and

aples, with such success that for many years
he was without a rival in Italy. In 1776 he ac-
cepted an invitation from the French court and
went to Paris. There he brought out the
(Roland of Quinault’ (1778), which, notwith-
standing the opposition of Gluck (q.v.) and his
friends, was successful. Although Gluck and
Piccinni were personally reconciled, yet the
war between their respective admirers continued
and in order to compare their merits, the two
rivals composed the same subject, ‘Iphigenia in
Tauris’ ; in this contest Gluck had the advan-
tage. Piccinni was appointed teacher of vocal
music in the Royal Singing School in 1784,
but the Revolution deprived him of ‘his appoint-
ments and he returned to Naples. At first he
was well received by the king, who granted him
a pension. But before long he was, though
without cause, suspected to hold revolutionary
views. He was deprived of his pension and
finally, though not actually sent to jail, re-
strained under arrest at his own house. In
1798, however, friends succeeded in gaining
him permission to return to Paris. Though he
was received there with much kindness and
was granted a small pension, the irregular pay-
ment of the latter caused him frequent and
serious financial embarrassment. His health,
too, failed and he died in his 73d year as the
result of a stroke of paralysis at Passy where
he had gone in the hope to recover his health.
His great success is now difficult to understand.
He was very conservative, possessed little orig-
inality, but withal was an accomplished and
scholarly composer of pleasing music, which
was always quite correct. He was a very

Italian

prolific worker and in the period of 40 years,
from 17, , he composed 139 operatic works.
His native town has honored his memory by
erecting a statue in one of its most prominent
streets. Consult Cametti, A., ‘Saggio Cronolog-
ico (1754-94) delle Opere Teatrali di Niccold
Piccinni’> (in ‘Rivista Musicale Italiana,” Vol
VIII, pp. 75-100) ; Ginguené, P. L., ‘Notice sur
la Vie et les ouvrages de N. Piccinni? (Paris
1800) ; Le Brisoys Desnoiresterres, G. ‘La
Musique Frangaise au XVIIIe siécle. Gluck et
Piccinni. 1774-1800> (Paris 1872) ; Longo, A.,
(Gluck e Piccinni’ (in ¢‘Soc. Reale di Napoli.
Reale Accad. di Archéologia, Letters e Belle
Arti,> N. S, Vol. V, pp. 311-332, Naples 1917) ;
Thoinau, E., ‘Notes Bibliographiques sur la
Guerre Musicale des Gluckistes et des Piccin-
nistes’> (Paris 1878).

PICCIOLA, pét'ché-1a (%poor little one®),
a story by Saintine (Joseph Xavier Boniface),
a French author, born in Paris, 10 July 1798,
and who died there, 21 Jan. 1865. It was pub-
lished in 1836, ran through numerous editions,
was translated into many languages and re-
ccived from the Academy the Montyon prize.
The tale is a simple and touching recital of
the loving care bestowed by a prisoner of Na-
poleon’s time upon a plant growing between
the stones of his cell and from his tender nam-
ing of which the sketch takes its title. An in-
fusion of it restores him from dangerous ill-
ness and when he is released and leaves, the
plant droops and dies.

PICCOLO, a small flute having the same
compass as the ordinary orchestral flute, but
producing sounds onesoctave higher than the
notes as they are written; it is also called the
octave flute. Piccolo is also the name of an
organ stop of two feet length giving a piccolo
tone.

PICCOLOMINI, pik-k5-18m’e-né, Italian
family of Sienna. The two most celebrated
members are: 1. ZANEas SyLvius BArTHOLO-
Mxus, afterward Pope Pius II. (See Prus I1).
2. Ocravio, grand-nephew of the first: b.
Amalfi, 1599; d. Vienna, 10 Aug. 1656. He
served in the armies of the German emperor
and became one of the distinguished generals
in the Thirty Years’ War. He was a favorite
of Wallenstein, who entrusted him with a
knowledge of his projects, when he purposed to
attack the emperor. Nevertheless he made him-
self the chief instrument of Wallenstein's over-
throw, and after the latter’s assassination
(1634) was rewarded with a portion of his
estates, After the battle of Nordlingen (1634),
in which the Swedes were greatly weakened,
he advanced with Isolani through Wiirtemberg,
over the Main. In the following year he was
sent to aid the king of Spain against the French
and delivered the Netherlands from the hands
of the latter. His further successful campaigns
in the Thirty Years’ War induced Philip IV
of Spain to beg the emperor to allow him to
lead the Spanish armies. The request was
granted and as a Spanish general Piccolomini
again distinguished himself in the Netherlands,
against both the French and the Dutch. The
king of Spain rewarded him for his services
with the duchy of Amalfi. During the vic-
torious advance of the Swedes in 1648 he was
recalled by the emperor and appointed, with
the title of field-marshal, to the command of
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the troops destined to e them. His mili-
tary career was concluded after a short cam-
paign in the same year by the Peace of West-
a. He is one of the principal characters in
iller’s tri of ‘Wallenstein,> to the sec-
ond part of which he gives the title. Consult
Weyhe-Eimke, ‘Ottavio Piccolomini’> (1871).
PICE, pis, a small East Indian coin, value
orfxe-fourth of an anna or about three-quarters
of a cent.

PICHEGRU, Charles, shirl pésh-gri,
French general: b. Arbois, d tment of Jura,
16 Feb, 1761; d. Paris, April 184. He was for
some time a tutor at the College of Brienne
but soon exchanged this profession for that of
a soldier and served with a French artillery

regiment. He was chosen the commander
of a body of volunteers from Besangon to
join the Army of the Rhine. He was rapidly

advanced, and in October 1793 was appointed

eneral-in-chief of the same army. In 1794

e was selected as the fittest man to command
the Army of the North, then beaten and de-
moralized. He defeated the enemy at Courtrai,
Menin, Hoogelede, reduced to subjection
Bruges, Ghent, Antwerp, Hertogenbosch, Ven-
loo and Nijmegen, crossed the Maas and the
Waal on the ice in the winter of 1794-95, sub-
jugated Holland and entered Amsterdam in
Januaz 1795. Then he returned to Paris to
enjoy his triumph. He was now at the height
of his fame and was honored by the Convention
with the title of savior of his country. Soan
after he set out to take the command of the
army of the Rhine and Moselle, but in this post
displayed none of his former energy, and enter-
ing into negotiations with the Bourbons was
deprived of his command under suspicion of
treason (1796). Having secured his election
to the Council of Five Hundred, he was chosen
jts president (March 1797) and became the soul
of the party hostile to the Revolution. He was
proscri and transported to Cayenne, but
mana to make his escape the year follow-
ing. In 1803 he was in London, and there he
allied himself with George Cadoudal in a con-
spiracy to assassinate Napoléon. Having gone
to Paris for the purpose, he was captured by
the police (1804) and committed to the Tem-
ple prison, where he was found strangled ‘5
April. Consult the ‘Life’ by Bouziers (1870) ;
?llsgoo l;)audet. ¢(La Conjuration de Pichegru’

PICHICIAGO, or PICHY-CIEGO. See
ARMADILLO.

. PICHINCHA, pé-chén’chd, (1) a yolcano
in Ecuador in the western Cordillera right on
the equator northwest of the city of Quito,
which it destroyed in 1660 by an eruption.
Since then it has been dormant.  The mountain
has five peaks, the highest measuring 15,918 feet
above the sea; the crater is nearly a mile across
and is 2,500 teet deep —one of the deepest in
the world. ) A province of ador, includ-
ing the plateau of Quito and the ‘Andean
sloscs, named from the volcano. Pichincha is
said to signify boiling mountain.® The prov-
ince is watered by the Perucho, which empties
into the Pacific, and by the head-waters of the
Napo. Area, 8,300 square miles; pop. (est)
215000. Principal products, sugar, maize,
indigo, cotton and fruit. Capital, Quito.
voL. 22— 3§

PICHON, pé-shon, Stéphen (Jean Marie),
French_statesman: b. Arnay-le-guc, 10 Aug.
1857. He received his education at the Uni-
versity of Paris, studied medicine, but soon
abandoned it for journalism. In 1880 he be-
came a member of the staff of La Justice, a
ﬁurna‘l owned by Georges Clemenceau. In 1382
r. Pichon became a member of the municipal
council of Paris, and was several times its
secretarBe He became a member of the Cham-
ber of Deputies in 1885 and was secretary of
the Chamber in 1889-90. In 1894 he was ap-
pointed Minister to Haiti, and subsequently
served as Minister to Brazﬂ, China and Tunis.
In 1905 he was elected senator and in 1906
Clemenceau appointed him Minister of F_oreitgn
Affairs. He held the same portfolio in the
cabinets of Briand 1910-11 and of Barthou in
1913. On the formation of Clemenceau's War
Cabinet, on 16 Nov. 1917, Mr. Pichon again
became Minister of Foreign Affairs and also
became a member of the War Committee of the
Cabinet. He was one of the French delegates
to the Peace Conference.
PICHURIC ACID. See LAuric Acm.
PICIDZ, pis'i-dé, the family name of the
woodpeckers (q.v.); the typical sub-family is
Picine; and the typical genus Picus. ,
PICK, Bernhard, American Lutheran
clergyman: b. Kempen, Prussia, 19 Dec. 1842,
He studied in Berlin and was graduated from
the Union Theological Seminary in New York
in 1868 He was ordained in the Presbyterian
ministry in that year, and held various import-
ant charges, but in 1884 joined the Lutheran
denomination, in which he has since officiated.
He is a learned Hebrew and rabbinical scholar,
a contributor to McClintock and Strong’s
Schaff-Herzog and the Jewish encyclopadias;
has made numerous translations, and is author
of ‘Luther as a Hymnist> (1875); Historical
Sketch of the Jews® (1887); ¢The Talmud:
what it is and what it says t Jesus and the
Christians? (1887); ¢The Extra-Canonical Life
of Christ’> (1903) ; ‘Hymns and Poetry of the
Eastegn g:hurchf' 19@),: (‘Wi Kf Gospﬁlsl
and Sayings o rist ; CApocrypha
Acts of Paul, . Peter, John, Asadrew and
Thomas’ (1909) ; ‘Translations of the Bible’
1913) : ¢The Cabala’ (1913); ¢Jesus in the
almud’ (1913). He is 2 membes of the Ger-
man Oriental Society, Leipzig.
. PICKARD, Samuel Thomas, i
journalist and rapher: b. Rowley, Mass.,
1828; d. 1915, r. Pickard acquired the
Transcript of Portland, Me., in_1852 and con-
tinued its editor until 1894. He married a
niece of John Greenleaf Whittier, by whom he
was made his literary executor, Pickard was
also appointed trustee of the Whittier home-
stead and birthplace. His published works in-
clude ‘Hawthorne’s First Diary’

. s | | (1897) ;
- ‘Whittier as a Politician> (1901); ¢Whittier

Land’> (1904); ‘Life and Letters of John
Greenleaf Whittier> (1907) and numerous
monographs and literary articles in newspapers
and reviews.

PICKENS, pik'énz, Andrew, American sol-
dier: b. Paxton, Pa., 19 Sept. 1739; d. Tomassee,
S. C., 17 Aug, 1817. He removed with his par-
ents to the Waxhaw Settlement, S. C,, in 1752
was engaged in the Cherokee War of 1761, and
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at the outbreak of the American Revolution
‘was appointed a captain of militia, from which
‘rank he rose to be brigadier-general. He de-
feated General Boyd at Kettle Creek in 1779,
was engaged in the battle of Stone Ferry in the
‘same year, routed the Cheérokees at Tomassee,
and in 1781 so distinguished himself at the bat-
tle of Cowpens that Congress voted him a
‘'sword. He compelled the surrender of the
British forts at Augusta, Ga., fouﬁht under
General Greene in the campaign of Ninety-six,
and by a successful expedition against the
Cherokees in 1782 gained from them a large
strip of territory which later became a part of
Georgia. In 1783-94 he was a member of the
South Carolina legislature, and in 1793-95
served in Congress. He was a member of the
State Constitutional Convention, a commissioner
in many important treaties with the Indians,
and was again member of the legislature in
1801 and 1812

 PICKENS, Francis Wilkinson, American
legislator and diplomat: b. S.C,7
April 1805; d. Edgefield, S. C., 25 Jan. 1869.
He was educated at the South Carolina College
admitted to the bar in 1829 and in 1832 elected
to the State legislature. He was a member of
the Nullification Pariy and an advocate of ex-
treme State rights. In 183444 he was a mem-
ber of Congress, from 1858-60 was United
States Minister to Russia, and in the latter year
was elected governor of South Carolina. He
was prominent in the secession movement, de-
manded the surrender of Fort Sumter and
_erected the batteries which caused the reduc-
tion of that fort. He retired from public life
in 1862. :

PICKENS, Fort. See Fort PICKENS.

PICK'EREL, a small pike (q.v.).

PICKEREL-FROG. See Froc.

PICKERING, pik'¢r-ing, Charles, Amer-
ican naturalist and ph*sicnan, grandson of
Timothy Pickering (q.v.): b. Starucca Creek,
Pa., 10 Nov. 1805; d. Boston, Mass., 17 March
1878. He was graduated from Harvard in 1823,
from its medical department in 1826 and estab-

" lished a practice in Philadelphia. In 183842
he was naturalist in the United States Explor-
ing E:?edition under Lieut. Charles Wilkes. In
184345 he traveled through Egypt, Arabia, East
Africa and India, engaged in scientific research.
He was a prominent member in the leading
scientific societies of America and wrote ‘The
Races of Man and Their Geographical Distri-
bution> (1848); ¢Chronological History of
Plants; Man’s Record of His Own Existence
INlustrated Through Names, Uses and Com-
panionship’> (1879) ; etc.

PICKERING, Edward Charles, American
astronomer: b. Boston, Mass., 19 July 1846; d.
Cambridge, Mass., 3 Feb. 1919. He was gradu-
ated from Harvard in 1865, was instructor in
mathematics at the Lawrence Scientific School
there in 1865-67, accepted the chair of physics
at the Massachusetts Institute of Technology
in 1867, where he remained until 1877, after
which he was professor of astronomy at Har-
vard and director of the Harvard Observatory.
He established the first physical laboratory in
the United States; constructed the first tele-
phone receiver in 1870 and published the

- Elements of Physical Manipulation> (1874-76).

.Mass., 5 May 1846,
.Harvard in 1796, studied law, was secretary of

‘man; b. Salem, Mass., 17
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In Cambridge he made over 1,400,000 measure-
ments of the light of the stars. Under his di-
rection the endowments of the observatory in-
creased seven-fold; 250,000 photographs of the
stars were taken; 70 quarto volumes of annals
were published and a station was established in
Arequipa, Peru, which supplemented the study
for stars in all parts of the sky, and where over
240,000 photographs were taken. He was
recipient of numerous academic honors and was
a member of various scientific societies all
over the world.

PICKERING, John, American linguist
and lexlcographer, son of Timothy Pickering
(q.v.) : b, Salem, Mass., 7 Feb. 1777; d. Boston,
He was graduated from

the legation at Lisbon in 1797 and in 1799 ‘was
rivate secretary to Rufus King, United States
nister to England He returned to the
United States in 1801 and after admission to
the bar practised law in Salem until 1827 and
then removed to Boston, where he was city
solicitor in 1827-46. He served six terms in the
Massachusetts legislature, was president of the
American Academy of Science and first presi-
dent of the American Oriental Society. He
sessed a wide knowledge of European, Asian
gg'puan and American Indian languages, and
published ‘Adoption of a Uniform Orthography
for the Indian Languages’ (1820) ; ‘Vocabu-
lary of Words and Phrases Peculiar to the
United States”> (1816); ‘A Comprehensive
Dictionary of the Greek i.anguage’ (1826), etc.
Consult Pickering, M. O., ‘Life of John Picker-
ing’> (1887). .

PICKERING, Timothy, American states-
uly 1745; d. there,
29 Jan. 1829. He was graduated at Harvard in
1763, was admitted to the bar, became register
of deeds for Salem County and displayed so
great interest in military matters that he was
commissioned lieutenant of militia in 1766 and
became colonel in 1775. He was a prominent
and active t_Eatric;ot, drew up the pamphlet called
(State of the ts of the Colonists’ in 1773,
and drafted the Salem protest against the Bos-
ton Port Bill, In 1775 he wrote ‘An Easy
Plan of Discipline for the Militia,’ an able
manual much used in Massachusetts and for
the whole Continental army; and in December
1776 joined the 'Revolutiona% army, meeting
Washington in February 1777 and becoming
adjutant-general. He fought at Brandywine
and Germantown, was quartermaster-general,
general 1780-85, and was present at Yorktown.
At the close of the war he settled in the
Wyoming Valley, where he organized Luzerne
County. ' Pickering concluded a treaty with the
Six Nations in 1791, was appointed Postmaster-
General in_that year and Secretary of War in
1795, founded the United States Military Acad-
emy at West Point, and did much for the up-
building of the navy. He was Secretary of
State from- December 1795 to May 1800, and
after his retirement lived in some destitution
on his property in Pennsylvania, whence he re-
turned to Massachusetts. In 1803 he was
elected United States senator and in that ca-
pacity as in his office of Secretary of State
roused popular hatred by his extreme Federalist
position. From 1812 to 1814 he was again out
of public life, but was elected to Congress in
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the latter year and to the Massachusetts Execu-
tive Council in 1817. In the second war with
England he was a leader of the New England
opposition and favored the Hartford Conven-
tion (q.v.). Consult the biography by Octavius
Pickering, his son, and C. W. Upham (1867-73).

PICKERING, William, English publisher:
b. 1796; d. Turnham Green, Middlesex,
April 1854. He was apprenticed to a bookseller
at 14; was himself bookseller 1820-23; and in
181 began to publish the famous Diamond
Classics in 48mo. Of these there were 24 vol-
umes,, including Shakespeare's Works, Walton’s
Lives’> and ‘Angler,> Milton’s ‘Paradise Lost,’
the Greek Testament and Homer (in the first
diamond Greek ?pe), Horace, Virgil, Catullus,
Dante, Tasso and Petrarch, all being printed by
Charles Corrall. His other notable reprints
were the ‘Book of Common Prayer’> (1844),
Aldine edition of the English poets, etc. He
was publisher to Coleridge, Alexander Dyce, Sir
Harris Nicolas and others. Pickering intro-
duced the use of cloth covers instead of paper
boards, about 1825. He used the Aldine em-
blem with the motto “Aldi Discip. Anglvs? as
well as other emblems. He was financially
ruined by standing security for a friend, and
died in want.

PICKERING, William Henry, American
astronomer: b. Boston, 15 Feb. 1858. He re-
ceived his education at the Massachusetts In-
stitute of Technology, where he became an
instructor. Later he was appointed assistant
professor at the Harvard Observatory. He led
expeditions to observe the total solar eclipses
of 1878 in Colorado, of 188 in Gren-
ada, British West Indies, of 1889 in Cali-
fornia, 1893 in Chile and 1900 in Georgia.
In 1890 he established the Southern Sta-
tion of the Harvard Observatory at Are-
quipa, Peru, and erected the first telescope and
dome for the Lowell Observatory in 1894 at
Flagstaff, Ariz. He also established a tem-
porary observatory at Mandeville, Jamaica,
British West Indies (1900), and a per-
manent one there in 1911, While there
be devoted his studies to the moon and
Mars, indicating that both snow and vege-
tation are to be found on the former.
Monthly reports are issued regarding the latter.
He has also made some notable mountain as-
cents, and has published ‘Walking Guide to
Mount Washington Range’ (1882); ‘Investiga-
tions in Astronomical Photoiraph ) (189? R
Visual Observations of e gfoon and
Planets®> (1900); ‘An Atlas of the Moon’
(1903) ; ‘The Moon> (1903); ¢Lunar and
Hawaiian Physical Features Compared’ (1906) ;
(Researches of the Boyden Department’
(1908) ; four volumes of ‘Annals of the Harvard
College Observatory,” and over 200 articles in
astronomical magazines. He is a member of
various distinguished scientific societies.

PICKET, a wooden stake with a sharpened
end, or sharpened at both ends, used variously;
in the war of 1861-65 often employed to hinder
the advance of cavalry. The United States cav-
alry use a picket-pin, or short iron rod, which
is thrust into the ground to hold a picket line
or tether, to which the horses are attached for
grazing. Also a guard posted in front of an
army to give notice of the approach of an
enemy; an outlying picket. Also one of a com-

pany of striking workmen chosen to watch the

place of their late employment and discourage

?ﬁher workmen from accepting employment
ere,

PICKETING, the practice of placing pic-
kets or strikers on watch over the premises of
a factory or other place of employment where
there is a strike, See STRIKE.

PICKETT, pik'ét, George Edward, Amer-
ican military officer: b. Richmond, Va,, 25 Jan.
825; d. Norfolk, Va., 30 July 1875. He was
graduated from West Point in 1846, served in
the Mexican War, especially distinguishing
himself at Contreras, Churubusco and Chapulte-
pec, and was promoted to the rank of brevet
captain in 1847. He served later on the fron-
tier in Washington Territory, and in 1856
occupied San Juan Island, where he prevented
the landing of British troops and received the
thanks of Congress for his services. In 1861
he resigned from the Federal army and joined
the Confederate forces, becoming major-general
in 1862. At Fredericksburg his division held
the centre of Lee’s line, and at Gettysburg in
1863 he made the gallant assault of Cemetery
Ridge, famous as %Pickett's charge.® (See
GerTYSBURG). He later commanded the depart-
ment of North Carolina, successfully defended
Petersburg in 1864 and performed excellent
service at Dinwiddie Court House and Five
Forks. He engaged in business in Richmond
after the war.

Fo!

PICKING, Hen , American naval
officer : b. Somerset County, Pa., January 1840;
d. Charlestown, Mass., 8 Sept. 1899. He was
graduated from the United States Naval Acad-
emy in 1861 and was assigned to the North At-
lantic blockading squadron. He participated in
the sinking of the Confederate Petrel, was en-
gaged in the Monitor-Merrimac engagement,
served in the East Gulf and the South Atlantic
blockading squadrons, was promoted lieutenant
in 1862 and in 1865 placed in command of the
Nahant. After the war he continued in the
service, became rear-admiral in 1898 and died
while commandant of the navy yard at Charles-
town.

PICKLE WORM, or PICKLE MOTH,
moth of the Pyralide which is numerous in
southwestern United States. It bores into
cucumbers when they are about half developed
and there lives in the larval state. Squash,
melon and cantaloupe are also favorite feeding
plants for this pest. The sole remedy for its
abatement appears to be a thorough spraying
with arsenic compounds before the fruit is
grown and while the early generation of the
pickle worm is feeding on the plant leaves.

PICKLES. Food that has been pickled, es-
pecially cucumbers that are preserved in vine-
gar. hey are prepared by first washing in
clean water, then soaking for a few days in
brine, afterward drying them with a cloth or
draining them, and finally putting them into the
vessel in which they are intended to be pre-
served and pouring in boiling vinegar until the
vessel is quite full. Before the vinegar is
poured in, spices are added. When the vege-
tables that are to be pickled are naturally soft
the vinegar is sometimes poured in cold. To
preserve the color of vegetables that are natu-
rally green the best means is to steep vine, cab-
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bage, spinach or parsley in the vinegar. In
many cases this is effected with much less
trouble by boiling the vinegar in copper vessels,
and thus forming an acetate of copper, or by
directly adding tiat salt, which is green; but
this practice 1s a very injurious one, as the
acetate of copper is poisonous. The vegetables
most often pickled are cabbage, cauliflower,
gherkins (f'oung cucumbers), French beans,
onions, walnuts, mushrooms and nasturtiums.
Chile peppers and sweet pe&pers, olives and
capers are the most common kinds of imported
R/i[ckles, and mangoes are occasionally used.

eats are also sometimes pickled in brine.
diluted acid solution for cleaning metal cast-
ings is termed a pickle or pickling solution.

PICKNELL, »pik'nél, William Lamb,
American painter: b. Hinesburg, Vt., 30 Oct.
1854; d. Marblehead, Mass., 9 Aug. 1897. He
went to Europe in 1874, where he studied with
George Innes at Rome, and later at the Ecole
des Beaux Arts under Gérome. He settled at
Pont Aven, Brittany, where he worked for five
years under Robert Wylie and painted ¢Route
de Concarneau,’ a picture that established his
position as an artist, won an honorable mention
in the Salon of 1 and now hangs in the
Corcoran Art Gallery. His later life was spent
in Annisquam, Mass.,, and France. He was a
landscape painter of poetic qualities, with a
feeling for atmospheric effects. Subjects found
along the coast chiefly attracted him. His pic-
tures are to be found in the galleries of Bos-
ton, New York, Brooklyn, Pittsburgh and the
Luxembourg, Paris, .

PICKWICK PAPERS. “The Posthumous
Papers of the Pickwick Club® issued in 20
monthly numbers, began to appear the last of
March 1836, and were concluded in November
1837. They were the work of a young man
but 25 years old, who had hitherto written noth-
ing more than a group of sketches dealing
mainly with London life. A firm of London
publishers, Messrs, Chapman and Hall, was
then projecting a series of “cockney sporting
plates® by Robert Seymour, a rather clever ar-
tist. There was to be a club, the members of
which were to be sent on hunting and fishing
expeditions into the country. Their guns were
to go off by accident; fishhooks were to get
caught in their hats and trousers; and all these
and other misadventures were to be depicted
in Seymour’s comic plates. At this juncture,
Charles Dickens was called in to supply the
letterpress — that is, the description necessary
to explain the plates and connect them into
a sort of picture novel such as was then the
fashion. Though protesting that he knew noth-
ing of sport, Dickens nevertheless accepted the
commission; he consented to the machinery of
a club, and in accordance with the original
design sketched Mr. Winkle who aims at a
sparrow only to miss it. Seymour dying, other
artists took his place; but from the very first
Dickens was the master. Only in a few in-
stances did he adjust his narrative to plates
that had been prepared for him. He himself
led the way with an instalment of his story,
and the artist was compelled to illustrate what
Dickens had already written. The story thus
became the prime source of interest, and the
illustrations merely of secondary importance.

By this reversal of interest, Dickens trans-
formed, at a stroke, a current type of fiction,
consisting mostly of pictures, into a novel of
contemporary London life, Simple as the proc-
ess may appear, others who had tried the plan
had all failed. Pierce Egan partially succeeded
in his ‘Tom and Jerry,> a novel in which the
pictures and the letterpress are held in even
balance. Dickens, his genius working silently
and perhaps unconsciously, won a complete
triumph.

To begin with, Dickens had no other aim
than to amuse the public month by month.
There was in his mind no thought of a novel
with a plot to be worked out to a logical con-
clusion. The first number, of which only
400 copies were bound, awakened onl
moderate interest. But all was changed wit
the introduction of Sam Weller in the fifth
number; and by the time the fifteenth num-
ber was reached, the printer was binding
40,000 copies. People of eve class and
every age bought or borrowed Pickwick. <All
the boys and girls,” Miss Mitford wrote of
Dickens, “talk his fun — the boys in the streets;
and yet those who are of the highest taste like
it the most.” Doctors read the book while rid-
mg_ from patient to patient, and judges read it
while juries were deliberating. The fact is,
Pickwick’> was the most amusing burlesque
of London life that had ever been written, and
it has not since been equalled. Its author was
intimately acquainted with all the scenes and
ifrsons that he described. He began with the

ouse of Commons, which he turned into the
Pickwick Club, with pompous speeches, noisy
debates and apologies from gentlemen who
wished their abusive remarks to be understood
only in “a Pickwickian sense,® that is, in a
Parliamentary sense. Then he passed on to
the law and the courts — pettifoggers who take
up civil suits “on spec,” to the examination of
witnesses, to the judge’s charge to the jury
and finally to the Jebtors' prison. All the way
along, he drew in careless abandon character
after character, running back and forth between
the gay and the serious. ‘Pickwick’ contains
more than 150 characters, of whom two stand
out conspicuously among Dickens's greatest
creations. First there is Pickwick himself, a
humorous compound of benevolence and sim-
plicity, shrewdness and common sense, always
a_ientleman, despite his oddities and follies,
with a dash of heroism in the background. And
less fantastic, there is Sam Weller — the em-
bodiment of all that is delightful in the London
cockney. From the moment he enters the novel
until the end, his gaiety pervades the whole up
to the climax when he takes the stand for his
master in the famous case of Bardell vs. Pick-
wick, and turns the laughter upon the defend-
ant’s counsel Oddly enough, Bgre is_a novel
which did not set out to be a novel is Dickens's
supreme achievement in humor.

ILBUR L. Cross.

PICO, p&'k3, an island of the Azores (q.V.)
group; it is 25 miles long with an area of 175
square miles. It is crossed by a volcanic ridge
which terminates in the peak, El Pico, 7,613 feet
in height. The island is well wooded and
fertile; but earth had to be brought from Fayal
to cover or enrich the lava. Now the slopes
are covered with vegetation, especially vines.
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and the island exports an excellent wine. The
chief town is Villa-di-Laguna. Pop. 15,138
PICO DELLA MIRANDOLA, Giovanni,
jo-vin'né pé&'kd dél'la meé-rin'do-1d, Count of
Mirandola, surnamed the “Phcenix,® Italian
humanist: b. Mirandola, 24 Feb. 1463; d. Flor-
ence, 17 Nov. 1494. He undertook the course
in canon law at Bologna, but repugnance to the
study and an inclination to philosophical and

scientific subjects led him to visit the different .

parts of Italy and France for the purpose of

observation and to attend the lectures of the -

most distinguished professors. In 1484 he went
to Florence, where he became a member of the
Platonist group known as the “Academy® In
1486 he proposed 900 theses on all subjects,
which he declared himself ready to defend, ac-
cording to the custom of the times, in public.
No one ventured to appear against him, and the
envious endeavored to implicate him in a charge
of heresy. Innocent VIII forbade the reading
of the propositions, and Pico withdrew to
France. He was absolved, however, from any
suspicion of heresy by Alexander V1. Havi
next applied himself to the study of Bibli
literature he published the fruits in ‘Heptaplus,’
a mystical or cabalistic explanation of the his-
tory of the creation, in which he derives
Plato’s doctrines from Moses. Two vears after
he publishes a treatise — ‘De Ente et Uno’—
in which he aimed to unite the opinions of
Plato and Aristotle. He was wealthy and gave
away most of his property with the intention of
becoming an itinerant preacher, but died be-
fore arrinng out the plan. A collection of his
works, almost all in Latin, was published at
Venice in 1498. He is introduced as one of the
characters in Alfred Austin’s drama, ‘Savon-
arola.” Consult Dreydroff, ‘Das System des
Johannes Pico von Mirandola und Concordia’
1858) ; Pater, ‘Studies in the History of the
enaissance’ (1873).
PICO DE TEIDE, pe'ko da ta'é-thé. See
1rFE, PEAK OF.

. PICOLINE, in chemisiry, a base CJH:N,
isomeric with aniline and cl’ose.ly related to
pyridine, obtained from bone oil, coal-tar,
naphtha, etc,, the name being derived from
Latin, pix, pitch, and oleum, oil. It is a color-
less, mob;fe. very pungentéy odorous liquid, with,
an ine reaction and a boiling point of
135° C. One variety is very corrosive, with
choking vapors; it quiets the excited nerve cen-
tres if used as a hypodermic injection.

PICOT, Frangois, frin-swi pé-kd, French
painter: b. Paris, 1786; d. there, 15 March 1868.
He was a pupil of Vincent and his early reputa-
tion was won by his large picture ‘Cupid and
Psyche’ ; which was followed by ‘Raphael and
La Fornarina’; and an ‘Evening Landscape.’
His ‘Death of sapghira,’ also an early work, is
in the church of Saint Severin at Paris. The
French government purchased for the Luxem-
bourg Gallery his ‘Orestes Sleeping in the Arms
of Electra.” He painted a ‘Madonna’ for the
church of Loretto at Paris, and in the Louvre
executed two ceiling pictures, ‘Egypt and
Greece,’ and the ‘Fall of Pompeii and Hercu-
laneum.” His colossal figure of ¢Christ’> in the
church of Saint Vincent de Paul at Paris is in
the Byzantine style. He, however, met with
much greater success as a teacher of painting
than as a painter. '

. PICOT, Georges, zhdrzh pé-k3, French
historian and jurist: b. Paris, France, 24 Dec.
1838; d. 1909. He studied law, was appointed a
judge in the Seine tribunal in 1865, and in 1877
accepted a post in the Ministry of Justice. He
was editor of Le Parlement and in 1878 suc-
ceeded Thiers at the Academy of Moral and
Political Sciences, where he became permanent
secretary in 1896. Amgng his publications are
Recherches sur la Mise en Liberté sans Cau-
tion> (1863); ¢Histoire des Etats Généraux’
(1872) ; ‘La Réforme Judiciare’ (1881);
¢Décentralisation et ses Différents Aspects’
(1897) ; ‘L'Institut de France’ (1907), etc.

_PICPUS, Society or Congregation of, a
religious association founded in Paris, 1805, by
Pierre Coudrin, priest. ' The associates were to
devote themselves, as a protest against the pre-
vailing unbelief, to the perpetual adoration of
the Blessed Sacrament; they were also to pre-
pare candidates for the priesthood and for serv-
ice in the foregin missions. The mother house
was the convemtual building of the original
congregation of Picpus, a Franciscan fraternity.
They had charge of seminaries in various parts
of France. In 1825 they sent six of their priests
to the mission in the isles of the Pacific, and
those islands have ever since been the field of
their missjonarg labors. They have two houses
in the United States, at Olema, Cal.,, and Fair-
haven, Mass.

PICQUART, Georges, zhérzh pé-kir,
French soldier, prominent m “the Dreyfus case®;
b. Strassburg, 6 Sept. 1854; d. 19 Jan. 1914. He
entered Saint Cyr in 1872, and, after two years
there, spent two more in the Ecole d’Etat-
major, trom which he was graduated in 1876
with the second rank in his class. From the
General Staff School he entered the infantry;
became captain in 1880 and major in 1888 upon
his return to France from three years in
Tonkin; in 1890-93 was professor at the Su-
perior Military School; was promoted lieu-
tenant-colonel in 1896; and in the year before
became head of the Department of Information.
In May 1896 he obtained possession of a tele-
gram card, the famous petit bleu, addressed to
Esterhazy, which prompted him to inquire into
that officer’s record and way of life. The result
was that he found Esterhazy’s writing was
clearly that of the famous borderean; ‘it was
identified as such by Bertillon of the Paris
police and by Du Paty de Clam. His investiga-
tions were soon interfered with by his supe-
riors; he was disgraced and sent to Tunis 16
Nov. 1896, the Department of Intelligence being
entrusted to Colonel Henry, who concealed the
truth so far as he could and later committed
suicide, when his dishonesty had been disclosed.
Picquart apparently had been sent to Tunis in
the hope that he would be killed'in battle. This
not happening, in May 1897 he was accused of
forging the petst blew, which had roused sus-
picion against Esterhazy. His bold action in
repelling this charge hastened the revision of
the case. He was retired from the army Feb-
ruary 1898, having been arrested by the military
authorities a month before. On 14 July he was
again imprisoned in a civil prison; and 20 Sep-
tember was charged with forgery and with tam-
pering with the Esterhazy telegram card. After
a long imprisoment in the Cherche-Midi he was
released and was the most prominent witness
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in the Rennes trial of 1899. At the retrial of
the case 19 June-12 July 1906, he was acquitted
of all charges, subsequently promoted bl;ﬁat_her-
general and in October 1906 became Minister
of War in the cabinet of M. Clemenceau, where
he remained until 1909. See DrevFrus.

PICQUET. See Piguer.
PICRATE. See Piric Acip.

PICRIC ACID, or TRINITROPHENOL,
CH:OH (NQOs:)a(1, 2, 4, 6), was discovered by
Woulfe in 1771. It is formed by the action of
nitric acid on indigo, wood, silk, leather, aloes,
resins, and many derivatives of benzene. On a
commercial scale picric acid is manufactured
from phenol by first treating it with sulphuric
acid. The sulphonic acid produced in this way
is diluted with water to 30° Bé. and heated
with steam. Phenol para-sulphonic acid is pro-
duced under these conditions which yields picric
acid when it is nitrated with about 3.5 times
its weight of nitric acid of 40° Bé. The crys-
tals obtained on cooling the reaction mixture
are washed, and further purified b recr¥stalli-
zation from hot water. A pro«ﬁ':ct of high
purity may be obtained by converting the com-
pound into the sodium salt and reprecipitating
1t with excess of hydrochloric acid. Verg pure
picric acid has been obtained directly by the
nitration and subsequent hydrolysis of chloro-
benzene, the reagents used being crude sodium
nitrate and commercial sulphuric acid. Picric
acid may also be prepared by the oxidation of
trinitrobenzene, or, the nitration of diazoben-
zene sulphonic acid.

Picric acid is a yellow, crystalline sub-
stance with a melting point of 122.5° C, With
many metals it forms salts which are highly
explosive. It is not very soluble in cold water,
but will readily dissolve in alcohol, ether, ben-
zene and other solvents. Solutions of picric
acid, especially those of its alkaline salts, show
an intense yellow coloration. Picric acid is a
violent explosive but does not readily explode
on mere ﬁeating. Under ordinary conditions
the application of heat may either cause rapid
combustion, or sublimation with the liberation
of yellow, irritating vapors. The acid will ex-
plode with violence when dropped upon a red-
hot plate. Disastrous explosions in picric acid
factories are on record. These have in all
probability been caused by metallic picrates
present as impurities in the acid, or, by the
combustion of picric acid dust produced during
the grinding of the dry compound. The acid
can be handled with perfect safety, and can
even be transported as an ordinary chemical
when it contains 20 per cent of water.

Picric acid is extensively employed as a
powerful explosive. Melinite, Lyddite, Shimo-
site, Emmensite, etc., are mixtures of the acid
with small quantities of -cotton. On ac-
count of their great sensitiveness metallic pic-
rates are sometimes mixed with chlorates or
nitrates and employed as detonating charges for
shells. Picric acid has been used as a dye for
silk and wool. In an acid bath it imparts an
intense yellow color to these fibres. Although
the acid is not used as a dye at the present
time, it is sometimes mixed with other dyes for
the production of shades of scarlet, green or
yellow. In the laboratory picric acid is a valu-
able reagent since it forms well crystallized and
difficultly soluble compounds with a number of

organic bases. Picric acid has also been used
by brewers for the purpose of imparting bit-
terness to beer. In large doses the acid behaves
as a poison, causing purging, vomiting and col-
lapse, although small quantities have been em-
ployed with success in the treatment of eczema,
erysipelas and in diseases of the skin and hair.
Solutions of varying strengths have also been
highly recommended in the treatment of burns.
V. S. BABASINIAN,
Professor of Lehigh Universsty.

PICROMERITE, a_ monoclinic mineral
occurring as crystals and crystalline incrusta-
tions, a compound of hydrous sulphate of
magnesium and potassium. It is found in the
crater of Vesuvius and also in the salt mines of
Stassfurt.

PICROTOXIN, a poison, CxHuOu (or

ssibly C::H1Os), extract from the Indian

rry, the fruit of the East Indian Anamirta
cocculus or paniculata, by treating with hot -
alcohol the powdered seed. The alcohol is dis-
tilled, the residue boiled with water to which
the acetate of lead has been added and the solu-
tion then evaporated. The crystals, white or
transparent prisms or rays grouped in star-like
forms, are very bitter to the taste, are odorless
inalterable in the air, insoluble in the essential
oils, but soluble in cold water (150 times its
bulk), boiling water (25 volumesg, alcohol
(3 volumes), or ether (2% volumes), and are
one of the most violent convulsive poisons
known, closely resembling strychnine in their
action. The poison brings death by asphyxia-
tion after severe convulsion and is bulbo-
medullary and not cerebral in its action. Mor-
phine and chloral hydrate are the antidotes, but
neither seems to have antidotic force if the
original dose is much above the mortal mini-
mum. In therepeutics picrotoxin is practically
unused, though it is claimed to be valuable in
epilepsy, chorea, chronic constipation, etc,

PICTET, péek-ti, or pé-ta, Adolghe, Swiss
scholar and linguist: b. Geneva, 11 Sept. 1799;
d. there, 20 Dec. 1875. He studied in Paris,
Scotland and Germany; in 1838 became profes-
sor of asthetics and philology in the University
of Geneva; and wrote ‘Du Beau dans la Nature,
PArt, et la Poésie’ (1856), ‘Les Origines indo-
européennes’ (1859-63), and on the relation of
Celtic to Sanskrit. He invented a percussion
howitzer shell used by the Austrian army.

PICTET, Raoul, Swiss physicist: b. Ge-
neva, June 1842. He was professor in Geneva
for a time, but removed to Berlin. In 1877 he
liquefied oxygen, nitrogen and hydrogen; pub-
lished a memoir on that subject in 1878; and
also wrote ‘Synthése de la Chaleur’ (1879),
(Nouvelles Machines frigorifiques’> (1885), ‘Le
Matérialisme et le Spiritualisme par la Physique
expérimentale’ (1896), ‘L’Acétyléne’ (1896),
and other important monographs, on low tem-
peratures and liquefaction of gases.

PICTON, pik'ton, Sir Thomas, English
military officer: b. Poyston, Pembrokeshire,
Wales, August 1758; d. Waterloo, Belgium, 18
June 1815. He entered the army at 13, served
at Gibraltar, and in 1794 went to the West In-
dies, where he distinguished himself at Saint
Lucia, Saint Vincent, Martinique and Trinidad,
and in 1797 was appointed governor-general
of the last-named island. In 1801 he became
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its civil governor and was promoted brigadier-
general. He served in the Peninsular War
under Wellington, received rank as lieutenant-
neral in 1813, was engaged with Ney at
uatre Bras in 1815 and was killed while lead-
ing a charge at Waterloo.
PICTON, Canada, town in Prince Edward
County, province of Ontario, on an arm of the
Bay of Quinte, about 36 miles southwest of

Kingston. It has steamboat connection with
the larger cities of the Dominion. Pop. 3,564.
PICTONES, pik'ton-éz, .or PICTAVI

(Pictones, Pictidvi), the ancient inhabitants of
a region in Aquitanian Gaul, the French prov-
ince of Poitou, which is now for the most
part comprised in the Department of Vienne;
the chief town of the Pictones was Pictava,
modern Poitiers; before the Roman conquest
of Aquitania its name was, as rendered by the
Latins, Limonum.
PICTOR. See EquuLrus.

PICTORIAL COMPOSITION. See Art
DrawiING. ' :

PICTORIAL REPRESENTATION. See
ART DrAWING. '

PICTOU, pik'too’, Canada, a port of entry
and capital of a county of the same name,
Nova Scotia, 85 miles northeast of Halifax,
on a branch line of the Intercolonial Railway.
The town was settled in 1763 and occupies t.e
site_ of an Indian village. Pictou Academy, or-
ganized in 1818, is its chief institution. There
i1s a flourishing motor boat industry. The
harbor is safe and commodious and an active
cxport trade is carried on in the coal and build-
ing stone of neighboring mines and quarries,
in  agricultural produce and fish. Pictou
Island lies about six miles outside the harbor.
Pop. (estimated) 3,179.

PICTS. See ScoTLAND.

PICTURED ROCKS, in Michigan, sand-
stone cliffs about 300 feet in height, extendin
along the coast of Alger County, on the sou
shore of Lake Superior, about 43 miles east of
Marquette. They are varied in color and form,

uaint designs have been carved upon them
&e elements and a number of waterfalls still
continue the work of change. The cliffs are
about five miles long. Longfellow, in his In-
dian tale of Hiawatha, locates the wigwam of
Nokomis at Munising Harbor, among the Pic-
tured Rocks. i

PICTURES OF TRAVEL (Reisebilder),
the most famous of the prose works of Hein-
rich Heine. It was published in four parts,
1826-31, and the appearance of the first book
of these sketches marked an epoch in the de-
velopment of German literature. It was read
with avidity by the public and so strong was
its influence that it gave the first serious check
to a prevailing tendency in the world of let-
ters — the romantic tendency. The power of
the Romantic School was broken by the vivi
realism of Heine’s ‘Hartz Journey.> The keen
observation of the great lyrist and satirist, his
brilliant searching criticisms of men and insti-
tutions, his stinging sargasms poured out on
existing conditions, were entirely opposed to
the spirit of Romanticism, and its author at-
tained at once to almost as widespread-a rec-

ognition as he was ever to reach among his
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countrymen. The brilliancy and bitterness, the
sweetness and the mockery, of his strange na-
ture, are all brought into play in this, his first
prose work of significance. .

PICUDA, a fish. See BARRACUDA.

PICUL, a Chinese weight of about 140
pounds; the same as tan. It is divided into 100
cattiies, or 1,600 taels. Also spelled pecul and
pecal.

PICUS, pi'kiis (Lat., the woodpecker), in
the most ancient mythology of the Sabines, Lat-
ins and Etrurians, the sacred bird of the god of
the upper atmosphere, of the land and agricul-
ture, sender of raim, giver of fertility. This
god was Mars, Mavors or Marspiter (Mars
pater, father Mars), who afterward was sup-
planted by the more than half-Grecian god Jupi-
ter (father Jove), while Mars or Mavors was
assimilated to the Grecian god of war, Ares.
The Latin god Mavors gave oracles by means
of the noises made by the woodpecker tapping
on the trees. In the confusion of the diverse
mythologies, Sabine, Roman, Latin, Etrurian,
the woodpecker, Picus became a form of the

od himself, or son of the god and a fameus.
ero, king of Latium, and father of Faunus.

PIDAL, pé-dil, Ramén Menédez, Spanish
philologist, critic and educationalist: b. Corufi
13 March 1869. Educated at the universities of
Madrid and Toulouse he became professor of'
Roman %ﬁlology at the former university
(1899). is markedly critical mind, his mas-
tery of the French tongue and his extensive
writings soon won for him an international
reputation and he was invited to lecture in the
universities of various foreign countries, prin-
¢ipally those of South America. He has also
given courses of lectures in Johns Hopkins
University (1909), the Turnbull lectures; and
in most of the universities of Spain. He also
delivered the Hispanic Society lectures at
Columbia WUniversity in 1909. Thus he came to
be recognized as one of the foremost and most
progressive educationalists in Spain. Shortly
after the formation of the Junta para Amph-
acién de Estudios (a board created in 1907
for the extension and improvement of uni-
versity studies throughout Spain), he became
a member of the organization and director of
its summer session; and in 1913 Counselor of
Public Instruction in Spam. His services in
these and other educational and literary capac-
ities gained for him membership in practically
all the noted literary organizations of his native
country, among them being the Royal Academy
of History, Madrid, and the Academia Real de
la Lengua; and also of the Hispanic Society
of America. The Academia Real de la Lengua
crowned his ‘Gramatica y vocabulareo de poema
del Cid,> and the same honor was extended to
his ‘Leyenda de los infantes de Lara’ bv the
Royal Academy of History. In the field of
Spanish philology he occupies a distinguished
place which may be said to make him a noted
specialist in his line of work. . Among his
published works are ‘L’Epopéc castillane a
travers la littérature espagnole’ (his Turnbull
lectures, 1910) ; ‘El Romancero espafiol’ (His-
panic Society Lectures at Columbia); ¢Gra-
matica Historica Espafiola’; ‘Leyenda de abad
Don Juan de Montemayor’; ‘Primera crénica
general’; ¢(Cantor de mio Cid> (3 vols.,, 1908-
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11); ¢Cancionero de romances impreso en
Amberes sin Ano’ (1914).

PIDAVRO. See Eripaurus.

PIDDIG, pé-dég’, Philippines, pueblo,
%ovince of Ilocos Norte, Luzon; on the Guisi

iver, near its junction with the Pagsan; nine

miles east of Laoag, the provincial capital. It
is connected with Laoa,
wagon road. Pop. 10,850.

PIDDOCK, the British name for certain
edible species of mollusks of the genus Pholas.
See DATE-SHELL,

PIDGIN, pij'in, Charles Felton, American
statistician and novelist: b. Roxbury, Mass., 1
Nov. 1844, He was in mercantile employment

in Boston 1863-73, becoming in the latter year.
chief clerk of the Massachusetts bureau of

statistics of labor. He has invented several
machines for the mechanical tabulation of sta-
tistics, among them the electric adding and
multiplying machine, addition register and type-
writer tabulator. He has published ‘Practi-
cal Statistics’> (1888) ; ‘Quincy Adams Sawyer?
and ‘Mason’s Corner Folks’ (1900) ; ¢‘Blenner-
hassett’ (1901) ; ‘Stephen Holton’ (1902) ; ‘The
Climax?> (1902) ; ‘Little Burr> (1905); ¢Theo-
dosia’> (1907); ¢Labor, or the Money God’
§1908) ; ‘Further Adventures of Quincy Adams

awyer’ (1909); ‘Chronicles of Quincy Adams
Sawyer, Detective’ and ‘The House of Shame’
(1912) ; ‘The Courtin” (a comic opera, 1913).
He has also composed several musical works,
among them ¢Cambyses,> a grand opera, and
Peck’s Bad Boy,” a musical comedy. e is
also the author of some 35 songs.

PIDGIN, or PIGEON, ENGLISH, a
form of “business English®; a conglomeration
of English and Portuguese words wrapped in
a Chinese idiom, used by English and American
residents in China in their intercourse with the
natives. It accommodates the Chinese inability
to sound the r, which is always /, and it adds
the long & or ee (double ¢) after consonants
that trouble the Chinese tongue. Thus price
hecomes “plice,® and wash is “washee® Some
pidgin English has drifted into American use
as Ychow-chow,” meaning food, or as a verb,
{gi eat; and “savey,” which is accepted slang for

ow. ,

PIED (pid) PIPER OF HAMELIN,
The, according to a legend a magician who
promised to rid the town of Hamlin from rats
for a stipulated sum of money. He performed
his task by playing on his pipe as he walked to
the river and the rats, following the music,
were consequently drowned. On the citizens
then refusing to pay the money the piper took
up his pipe once more and led the way out
of the town followed by 130 children.  On ar-
riving at a hill known as the Koppenberg they
all entered the hill and vanished from sight.
In the Hamelin Rathaus the event is recorded
and it was long supposed to be historical.
Browning’s poem, ¢The Pied Piper of Hame-
lin> (1842), is based on this tale.

PIEDMONT, péd'mént (Italian, Piemonte,
“Country at the Foot of the Mountains”), Italy,
a compartment including the provinces of Cuneo,
Alessandria, Novara and Torino. It is sepa-
rated from France and Switzerland by the Alps.
It was a part of France from 1797 to 1814, and

and other towns by

was at one time the chief part of the kingdom
of Sardinia (q.v.). In 1911 there were 26,332
industrial establishments in the territory, giving
cmd)loymept to 342,354 people. Silk culture is
a ourishm%‘ industry. Farming is carried on
mainly on shares, the tenant dividing with the
proprietor. ‘The area is 11,331 square miles;
pop. 3,508,626. See ItaLy. e

PIEDMONT, Battle of. After the battle
of New Market (q.v.), 15 May 1864, General
Sige] was relieved, and 21 May General Hunter
was assigned to the command of the Union
forces in the Shenandoah Valley. The com-
mand in the field consisted of Gen. J. C. Sulli-
van’s division of infantry, two brigades, under
Colonels Moor and Thoburn; Gen. J. Stahel’s
division of cavalry, two brigades, under Colonels
Tibbits and Wynkoop, and five batteries of ar-
tillery. With this force of 8,500 men and 21 guns,
Hunter broke camp on Cedar Creek on the 26th
to move on Staunton and Lynchburg, marched
to Woodstook, and thence .to. Har;i;ab.rg,
where, 2 June, he learned that General
Imboden was at Mount Crawford, eight miles
distant, barring the direct road to Staunton. He
avoided Imboden by Fpassing his right by way
of Port Republic. rom his camp one mile
south’ of Port Republic he advanced early on
the morning of the 5th on the Staunton road,
met the Confederate cavalry at 6 A.M, and
drove them after a sharp skirmish, with a loss
of ‘75 men killed, wounded and missing. At
Piedmont, seven miles southwest of Port Re-
public, Hunter found Gen. W. E. Jones with
a Confederate force of 6,000 men and 12 guns,
strongly posted, his left resting on Middle River,
a tributary of the Shenandoah. Line was formed;
Moor's brigade on the right; Thoburm's on
the left; Wynkoop’s cavalry massed in rear of
Moor. Hunter's artillery opened at 9 A.M., and
after a fire of less than two hours Moor at-
tacked the Confederate left and drove the first
line back on the second, which was on a curving
ridge of heavily wooded hills, and on reachin
which Moor was checked and fell back wi
some loss, the Confederates following, but soon
checked in turn by Moor, aided by the cross-
fire of three batteries. Meanwhile Thoburn had
crossed a ravine to gain the Confederate right
flank. Securing an advantageous position, he
made a charge on the woods and heights; there
was a fierce struggle, in which bayonets and
clubbed muskets were used on both sides; Moor
and Wynkoop co- gerated in the attaci:; and
the Confederates abandoned their position in
great disorder, leaving General Jones dead on
the field, with more than 1,000 prisoners, in-
cluding 60 officers. In killed and wounded the
Confederate loss was about 600. The next day
Hunter captured 400 sick and wounded. Three
guns, several battle-flags, and a large number
of small arms were captured. Hunter’s loss
was 420 killed and wounded. General Vaughn,
who succeeded Jones in command, fled with not
over 3,000 effective men to Waynesboro, and
abandoned Staunton. Hunter marched to
Staunton on the 6th, where he was joined on
the 8th by Generals Crook and Averell, who
had marched from West Ver&i)gia, with 10,000
men, raising his force to 18, men, with 30

ns.  He destroyed much public property in

taunton, broke the railroad several miles east
and west of it, and on the morning of the 10th
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PIEDMONT ALLUVIAL PLAINS. See
ArLuviaL Fans.

PIEDMONT PLAIN, the name given to
that part of the Atlantic coastal plain, in the
United States, which lies between the Appa-
lachian highland and the coastal plain proper.
This plain is well defined in the Southern States,

but not so distinct in New England. Itisnear-

est to the ocean in New York; in North Caro-
lina it is about 300 miles wide.
by deep river valleys, and is seamed with rug-
ged gorges, and water beds. The rock is harder
and older than in the coastal plain proper, be-
longing chiefly to the Pre-Cambrian. The “fall
line,> or escarpment over which the Atlantic
rivers fall and form cascades and rapids, marks
the change from the hard rocks of the Pied-
mont to the softer rock formations of the
Coastal Plain.

PIEDS PUIDREAUX, pé-a pwé-drd. See
PierowDER COURT.

PIEGAN (pé’gan) INDIANS, an Amer-
ican tribe of the Algonquin family. Some 2,000
of them reside on the Blackfoot Reservation in
northern Montana. They are members of the

Siksika confederacy, being associated with the.

Siksikas, Bloods and other tribes. They are a
very peaceable Eeople and crime is almost un-
known among them.

PIEHL, pél, Karl, Swedish Egyptologist:
b. Stockholm, 30 March 1853; d. 1904. He was
educated at Upsala, where he became docent of
Egyptian languages in 1888, and in 1893 pro-
fessor upon a special grant by the Riksdag. He

blished ¢Inscriptions hiéroglyphiques’> (1884-

), ‘Petites Etudes égyptologiques’ €1881g,
Dictionnaire du Papyrus Harris Nr. 1> (1882),
and many contributions to archzological feriod-
icals. In 1896 he became editor of Le Sphinx,
an Egyptological journal.

PIENG-AN. See PinG-YaNG.

PIENO (Ital, meaning full), a term often
used in music as equivalent to tutis, grande or
grossi, to signify employment of all the instru-
ments of an orchestra; sometimes it is used
with coro, as pieno coro, full chorus.

PIEPER, Franz August Otto, American
Lutheran theologian: b. Carwitz, Pomerania,
Germany, 27 June 1852. Coming to the United
States, he was graduated from Northwestern
University, Watertown, Wis,, in 1872, and from
Concordia Seminary in 1873. He held a Lu-
theran pastorate at Manitowoc, Wis., 1875-78,
was professor of theology at Concordia Sem-
inary 1878-87, and president of the latter insti-
tution since the year last named. Among his
many published works are ‘Lehre von der
Rechtfe::ugung’ 1889); ‘Wie studiert man
Theologie?’> (1898); ‘Lage der Kirche am
Anfang des 20 Jahrhunderts> (1901); ‘Die
Grunddifferenz> (1904) ; ‘Conversion and Elec-
tion> (1913). A

PIEPOWDER (pi‘g{)w-dér) COURT, or
PIERPOUDRE COURT, a court formerly
set up at fairs and markets in England for the
summary administration of justice in cases aris-

It is crossed -

ing there. It is also called the Court of Dusty
Foot, which has the same meaning as pie-
powder (a corrugnon of the French pied pow-
dreus), and probably got its name fram the
fact of its bemg chiefly resorted to by peddlers
and wayfaring persons, to whom the name of
pieds puidreaur was given in Old French.
'"PIER, Arthur Stanwood, American novel-
ist: b. Pittsburgh, 21 April 1874. He was grad-
uated from Harvard in 1895, and has been an
assistant editor of the Youth’s Companion from
1896. He has published ‘The Pedagogues?®
(1899) ; ¢The Sentimentalists> (1901); (The
Triumph’> (1903); ¢Boys of Saint Timothy's’!
(1904) ; ‘The Ancient Grudge’ (1905); ‘Hard-
ing of Saint Timothy's’ (1906); ‘The Young
Mr. Heart> (1907); ‘The New Boy’> (1908);
¢The Crashaw Brothers’ (1910); <The Jester
of Saint Timothy's> (1911); (The Story of:
Harvard’ (1913); ‘The Women We Marry’"
(1914) ; ‘Grannis of the Fifth> (1914). .

PIER, in engineering, a structure extending
out from the land into the water, adapted to
form a landing place for passengers or mer-
chandise from ships which float in the deep
water alongside the pier or wharf; a mole or
jetty. Many large and commodious piers have
been built at watering places to receive incom-
ing visitors and these are often fitted up with"
booths, bandrooms, dancing pavilions, etc. They-
ate variously constructed. Some are founded
on piles, with cross timbers, braces and sheath-
ing; floor timbers affording a road for the
traffic. The wooden structure is sometimes
filled up with stone, like a dike; at other times
it is of the nature of trestle work. The name is
extended to any plain single mass of masonry
supporting a large structure, as a bridge pier,
foundation pier. A section of a brick or stone
wall between windows is also termed a pier,
whence comes the term pier-glass, for a long
mirror suited to such a position. See FOUNDA-
TIONS; Dock ;" MOLE; WHARF.

PIERCE, g)érs, Franklin, 14th President of
the United States (1853-57): b. Hillsboro,
N. H., 23 Nov. 1804; d. Concord, N. H,, 8 Oct."
1869. His father, Benjamin Pierce (1757-1839),
served in the Revolutionary War, was member
of the State legislature 17891801, and from 1803
to 1809. He was a Democrat in politics, an
active public-spirited man, and governor of
New Hampshire from 1827 to 1829. His son,
therefore, was brought up in an atmosphere of -
public service. Franklin Pierce was educated
at various academies, Hancock, Francestown
and Phillips Exeter, entered Bowdoin College,
Maine, 1820, and had as classmates Longfellow
and Hawthorne. He graduated third in his
class in 1824 and studied law for the next
three years, first with Levi Woodbury at Ports-
mouth, then at the law school of Judge Howe
at Northampton, Mass., and finally with Judge
Edmund Parker at Amherst, N. H. He was:
admitted to the bar in 1827 and entered politics
almost immediately as a Democrat. In 1829 he.
was elected as a representative to the State
legislature, and in 1832 was made speaker. In
1833 he entered Congress, became a close friend
of Jackson and sustained him in important con-
tests. His career in the House of Representa-
tives during the next four years was unevent-
ful, because most of his work was done in the
committee-room. He rarely made a speech,
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and then not on the most important questions.
He spoke 27 Feb. 1834, against the bill on the
subject of Revolutionary claims, on the ground
of economy and justice; and on 30 June 1836
against the bill making appropriations for the

nited States Military Academy, on the ground
that it was legislation conferring “exclusive and
gratuitous privileges.” He approved of Jack-
son’s veto of the Maysville road bill, and in
general was a believer in a strict construction
of the Constitution, In December 1835 he
spoke and voted against the policy of receiving

titions for the abolition of slavery in the

istrict of Columbia. In 1837 Pierce was
elected to the Senate, but was overshadowed by
such men as Clay, Calhoun, Webster and Ben-
ton, Pierce being the ioungcst of all the
senators. He seldom spoke and avoided, as in
the House, the big questions of the day. He
resigned in 1842 to accept the office of district
attorney of New Hampshire.

When the Mexican War broke out in 1846,
he enlisted as a private, enrolled in a company
of volunteers organized at Concord, and soon
received from the President a commission as
colonel of the Ninth regiment. On 3 March
1847, he was commissioned as brigadier-general
in the volunteer army, though practically with-
out military experience. He was with General
Scott in the march on the City of Mexico, but
did not play a_conspicuous part in the military
operations. After his return home he engaged
in the practice of law. The Democratic Na-
tional Convention met at Baltimore 1 June 1852,
with Lewis Cass, James Buchanan and Stephen
A, Douglas as the leading candidates. On the
35th ballot the Virginia delegation voted for
Pierce, and on the 49th he received 282 votes
to 6 for all other candidates. This “dark horse®
Presidential candidate was a real surprise to
most people. The reasons for passing by the
three leading candidates mentioned above were
varied. Since each had a large following there
was bitter personal rivalry, and this made the
success of any one a matter of considerable
doubt. The chief concern of the leaders was
to placate the South and avoid the growth of
a purely sectional narty. Accordingly, the con-
vention adopted a resolution pledging the party
to enforce the compromise of 1858.l %’ierce was
favorable to the institution of slavery, believing
that it was guaranteed by the Constitution,
and was thus considered a Ysafe man® by the
South. In the election which followed in
November, he received 1,601,474 popular votes
to 1,386,580 for Gen. Winfield Scott, the
Whig candidate, and at the meeting of the elec-
toral college 254 votes to 42 for Scott. _All
of the States voted for Pierce excepting Ver-
mont, Massachusetts, Tennessee and Kentucky.
He was inaugurated 4 March 1853, and on
March 7 announced his Cabinet, namely, Wil-
liam L. Marcy of New York, Secretary of
State; James Guthrie of Kentucky, Secretary
of the Treasury; Jefferson Davis of Missis-
sippi, Secretary of War; Robert McClelland
of Michigan, Secretary of the Interior; James
C. Dobbin of North alrolina, Secretary of the
Navy; James Campbell of Pennsylvania, Post--
master-General, and Caleb Cushing of Massa-
chusetts, Attorney-General.

The election of Pierce may be considered
primarily as a verdict in favor of carrying out

PIERCE

the terms of the compromise of 1850 and the
policy of expansion. In his first inaugural ad-
dress Pierce said: “The policy of my adminis-
tration will not be controlled by amy timid fore-
bodir:’gs of evil from expansion.® He also de-
clared that “our position on the globe renders
the acquisition of certain possessions not within
our jurisdiction eminently important for our
protection.? This doubtless referred to Cuba,
much desired by the southern expansionists for
additional slave territory. Pierce appointed
Pierre Soulé of Louisiana as Minister to Spain,
a man who had previously declared in open
senate his desire to annex Cuba to the United
States by some other method than by purchase.
In August 1854, Secretarﬁ of State Marcy sug-
%zsted that Soulé, James Buchanan, and John Y.
ason, ministers respectively to Spain, Eng-
land and France, have “a full and free inter-
change of views” in regard to the acquisition of
Cuba. The result was a meeting at Ostend,
where on 9 Oct. 1854 they drew up the famous
Ostend Manifesto, in which Spain was urged
tc sell Cuba to the United States, and in case.
of refusal the question should be considered
whether the interests of the United States were
endangered by Cuba remaining in the posses-
sion of Spain. If answered in the affirmative,
then “by every law, human and divine, we shall
be justified in wresting it from Spain if we
possess the power.”? %‘he exact relation of
Pierce to this document is not fully known. It
was disavowed by Secretary of State Marcg in
the name of the President, but Pierce was held
as more or less responsible for the incident by
his enemies. .
Moreover it was during the administration
of Pierce that William Walker carried out his
notorious filibustering expeditions in Central
America, for the purpose of setting up a gov-
ernment under American rule favorable to.
slavery. In June 1855 he entered Nicaragua
with a small force, captured Granada on 13
October, procured his election as President in
July 1856, and proclaimed Nicaragua a slave
State. His dominion was recognized by the
American minister resident, and Pierce received
Walker's envoy, though he had previously
issued proclamations warning the people against
armed expeditions to countries with whom the
United States was at peace. Ministers from
other Central American republics protested
against this violation of neutrality, but to no
purpose. »
Pierce supported several other policies of
importance. He wished to expand American
commerce as rapidly as possible, first by fed-
eral subsidies to shipping and second hy open-
ing up new areas for trade. Commodore Perry
was sent to Japan to induce this nation to open
her ports to American trade and was successful
in his mission. Pierce also supported the plan
of linking California more closely with the rest
of the country by means of a tramscontm_eﬂtiIl
railroad. The best route lay through terntory,
a portion of which was in the possession O
Mexico. Accordingly James Gadsen was sent
to Mexico to purchase a strip of territory on
the southern border of New Mexico. He se-
cured a tract of some 50,000 square miles for
$10,000,000, which was known as the Gadsen
purchase. The railroad was planned largely to
benefit the economic development of the lower
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South, and Congress voted the funds for the
survey of routes. Pierce advocated the build-
ing of the railroad in his first annual message,
and handed over the work of seeing to the sur-
vey to Jefferson Davis.

Another policy was the opening up of the
Northwest to settlement. The platform of the
Democratic party declared that the party ®will
resist all attempts at renewing, in Congress or
out of it, the agitation of the slavery question,
under whatever shape or color the attempt may
be made.® Pierce also, in his inaugural ad-
dress, advised against the reopening of the
slavery question. Nevertheless the conflict over
the extension of slavery into the territories was
the great event of his administration. The
occasion was the plan of Senator Douglas to
open up the great Northwest to settlement, re-
move the Indians to reservations or to the
Southwest, connect Chicago with the Pacific
Northwest by a railroad, open the territory to
slavery and thereby become the next President
of the United States. The supremacy of the
Northwest was at stake and this was a plan to
checkmate the South for a Southern Pacific
railroad. Douglas won the support of the
Middle West, western Missouri, and powerful
interests in the South. This last because of a
promise that the Kansas-Nebraska bill should
centain a clause giving settlers the right to de-
termine for themselves whether they would
have slaves — the doctrine of popular sover-
eignty. Thus the Missouri Compromise of 1820
prohibiting slavery in the Louisiana territory
north of 36° 30’, except Missouri, would be re-
pealed. Pierce gave his support to this plan
and signed the bill. Thus he aided the South
in its desire for the extension of slavery into
the territories, although the most of the North-
west would in the end naturally become free
territory. This action of Pierce. wrecked his
administration. 'He immediately organized
Kansas and Nebraska as territories, and sup-
ported the pro-slavery party in Kansas during
the remainder ‘of his term of office, in an effort
to prevent the admission of Kansas as a free
State. Thus he helped make the Democratic
party of the North subservient to that of the
South, and supported the slave power in its ex-
treme demands for more slave territory. He
believed that this would satisfy the South and
thus disunion and civil war would be avoided.
He was under the influence of Jefferson Davis,
his Secretary of War, and this accounts, in part,
for his attitude on several important public
questions. After his retirement from the pres-
idency he traveled in Europe for three years,
returning home early in 1860. He was opposed
to the methods of the Abolitionists, but sup-
ported the North when war broke out.

Pierce did not measure up to the standard
of most of the Presidents. He was not a com-
manding figure in any field. He was honest in
his intentions as a conciliator of the two sec-
tions, in his belief that the Constitution guaran-
teed slavery as an institution, and that the way
to avoid civil war and disunion was to support
the South in this view. His strong leaning to-
ward the South, however, really had the effect
of promoting sectional strife and finally in
leading to civil war. He was an amiable, hon-
est, generous, modest, educated gentleman, but
lacked intellectual acumen and that idealism
necessary for great leadership. His chief stock

. force.

in trade was attention to legislative details,
fidelity to party, winning manners, and a neu-

_ tral compromising character which was a nega-

tive rather than a positive and constructive
His last years were passed at his home
at Concord, N. H., beloved by his personal
friends but almost forgotten by his countrymen.

Bibliography.— There is no good life of
Pierce. The early biographies were published
for campaign purposes and do not cover his
term of oftice. Consult life by Bartlett, D. W,
(Auburn N. Y., 1852), and by Hawthorne,
Nathaniel iBoston 1852), both eulogistic ac-
counts; Ireland, J. R, ¢History of Life aad
Administration and Times of Franklin Pierce’
(Chicago 1888), in Vol. XIV of his Republic.
See also Richardson, J. D., ‘Messages and
Papers of the Presidents’ (Washington 1897) ;
Leech, W. L., ¢‘Calendar of the Papers of
Franklin Pierce’ (Washington 1917). Some of
his correspondence is printed in American His-
torical Review, Vol. X, 110-127, 350-370. The
best accounts of his administration are in
Schouler, James, ‘History of the United
States’ (New York 18%4), Vol. V; Rhodes,
James Ford, ‘History of the United States
from the Compromise of 1850 (Vols. I-II,
New York 1900) ; von Holst, Hermann, ‘Con-
stitutional History of the United States’ (Vols.
IV and V, Chicago 1899).

Marcus W. JERNEGAN,

Assaciate Professor of History, University of
Chicago.

PIERCE, George Foster, American Meth-
odist bishop, son of Lovick Pierce (q.v.): b.
Greene County, Ga., 3 Feb. 1811; d. near Sparta,
Ga., 3 Sept. 1884, He was graduated from
Franklin College, Athens, Ga., in 1829, and en-
tered the ministry in 1831. He attained great
popularity as a preacher, was president of the

eorgia Female Seminary, Macon, Ga. in
183942, of Emory College, Oxford, Ga., in
1849-54 and was elected bishop in the latter
year. He was a member of the convention
which met at Louisville, Ky., in 1846, and or-
ganized the Methodist Eniscopal Church, South,
and was prominently connected with it until his
c(lclzgghé.) Consult ‘Life> by George G. Smith

PIERCE, Lovick, American Methodist
clergyman: b. Halifax County, N. C,, 17 March
l785g;y2[l. Sparta, Ga., 9 Nov. 1879. He entered
the Georgia Conference in 1805, was chaplain
in the army in the War of 1812, and afterward
studied medicine, which he practised until 1821,
when he re-entered the ministry. He was
prominently connected with the organization of
the Methodist Episcopal Church, South, in
1846, and was famous for pulpit eloquence.

PIERIANS, pi-é'ri-anz, or PIERIDES,
pi-ér'i-déz, a name given the Muses, from their
birthplace, Pieria in Thessaly.

PIERIDZ, a large family of butterflies, of
medium or large size, and chiefly white and
yellow in their coloration, and represented in
all parts of the world. They are distinguished
from their nearest relatives, the Papslionide
éq.v.), by the fact that all six legs are fully

eveloped in both sexes; and from the
Hesperide and Lycenide, by the greater
specialization of the neuration of the wings.
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The widespread “cabbagewhite® is a typical
representative. A well-known American genus
is that of the orange-tips. :

PIERNE, pé-ir-ni, Gabriel, French organ-
ist and composer: b. Metz, Germany, 1863. He -

was graduated from the conservatory at Paris
and in 1882 won the Prix de Rome; in 1890 he
was appointed organist at Saint Clothilde and
has since devoted much time to composition.
His operas have been very successful, partic-
ularly Izél 9894): I-i,e brought out the
oratories of ‘Les Enfants de Bethlehem?
(1907), and ‘Saint Francois d'Assisi> (1913).

PIERO DI COSIMO, pé-i-ro- dé ké-sé-
mo, Italian painter: b. Florence, about 1462; d.
there, 1521. He was a pupil of Casimo Roselli
and at times was influenced by Signorelli,
Filippino and Leonardo da Vinci. He devoted
himself to landscape backgrounds, which were
always ably executed, if somewhat fantastic in
character. This feature is especially notable in
his ‘Death of Procris’ (National Gallery,
London). His pictures are somewhat rare,
though the galleries of Florence, Rome, Paris
and London possess several specimens.

- PIERO DELLA FRANCESCA.
FRANCESCA, Piero DeLLA.

“PIEROLA, pé-i-ro’li, Nicholas de, Pe-
ruvian politician: b. Camana, Peruy, 5 Jan. 1839;
913. He was educated in the college of
Santo Toribio in Lima, admitted to the bar in
1860 and was connected with various journal-
istic enterprises. In 1869-72 he was Minister
of Finance under President Balta. Impeached
under the administration of Pardo, he came to
the United States, though acquitted, and in-
terested himself in revolutionary schemes, At
the outbreak of the war between Chile and
Peru his services were accepted by President
Pardo and he returned to Peru in 1879. Upon
the flight of Pardo he headed a revolt against
the government, but was defeated. In 1885 he
was banished for attempting to seize the presi-
dency, but in 1894 headed a revolt -vhich suc-
ceeded  in overthrowing President Caceres.
Pierola was thereupon elected President and
served until the end of his term in 1899.

PIERPONT, pér'pont, Francis Harrison,
American politician: b. Monongalia County, Va.
(now West Virginia), 1815; d. Pittsburgh, Pa,,
24 March 1899. He was graduated from Alle-
gheny College, Meadville, Pa., in 1839, was ad-
mitted to the bar and established a law practice
in Fairmount, Va., where he soon became widely
known. He was a staunch Whig and Abolition-
ist and at the outbreak of the Civil War re-
mained loyal to the Union, organized the con-
vention which decided that the western part
of Virginia should remain in the Union and was
elected governor of the “Restored Government
of Virginia” He was recognized by President
Lincoln, authorized to raise troops for home
protection and after serving two years of the
unexpired term was re-elected for a term of
four years. After the organization of West
Virginia as a State and her admission into the
Union Governor Pierpont removed his capital
to Alexandria and after the evacuation of
Richmond transferred the government to that
city, where he continued as governor of the
loyal section of the State until 1868. In 1868-
70 he served in the legislature and afterward

See
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lived in retirement until appointed internal
revenue collector by President Garfield.

. . PIERPONT, James, American mathema-
tician: b. about 1 In 1886 he was grad-
uated at the Worcester Polytechnic Institute
and in 1894 he received the degree of Ph.D, at
the University of Vienna. In 1899 he received
the honorary degree of M.A. from Yale Uni-
versity and in 1909 that of LL.D. from Clark
University. In 189495 Pierpont was lecturer
in mathematics, in 1895-96 instructor, in 1

assistant professor at Yale. Since 1898 he has
been full professor there. His published works
are ‘Lectures on the Theory of Functions of
Real Variables’ (1905); {The History of
in - the Nineteenth Century’
§l902); ‘Functions of a Complex Variable’

PIERPONT, jJohn, American Unitarian
clergyman and Lfoet: b. Litchfield, Conn, 6
Apnl 1785; d. Medford, Mass.,, 27 Aug. 1866.
He was graduated from Yale in 1804, studied
law at Litchfreld and after admission to the bar
of Essex County, Mass., practised for a short
time at Newburyport. Later he studied theol-
ogy and in 1819 was ordained pastor of the
Hollis Street Church in Boston. His outspoken
views on temperance, anti-slavery and other
reforms occasioned his dismissal from the
parish in 1845, and he was subsequently pastor
of Unitarian churches at Troy, N. Y., and Med-
ford, Mass. His ‘Airs of Palestine,’ first is-
sued in 1816, was republished in a volume enti-
tled ¢Airs of Palestine, and Other Poems’
(1840). He also published ¢Anti-Slavery
Poems’> (1843). One of his best-known poems
is ‘Warren's Address at the Battle of Bunker
Hill,” and the pathetic lines on the death of
his son are still remembered.

PIERPOUDRE COURT. See¢ Prerowper
URT.

PIERRE, pé-ir' So. Dak, city, capital of
the State, county-seat of Hua?es Countv, on
the Missouri River, and on the Chicago and
Northwestern Railroad, near the central part
of the State. It was settled in 1880 and in-
corporated in 1883. It is in an extensive farm-
ing and stock-raising_region, and in a natural
gas belt. Its industries are chiefly connected
with farm products, natural gas and the ship-
ment of cattle. About 1,000 carloads of live-
stock are exported each year from this city.
It is the seat of a Government Indian Industrial
School, it has Awblic and parish schoals. a pub-
lic library, and Saint Mary's Hospital. It has
two daily newspapers and good banking facili-
ties. The city owns and operates the gas plant,
electric-light plant and waterworks. Pop. 3,656.

PIERREPONT, pér'pént, Edwards,
American jurist and diplomat: b. New Haven,
Conn., 4 March 1817; d. New York, 6 March
1892. He was graduated from Yale in 1837,
admitted to the bar in 1840, established a law
practice in Cincinnati, Ohio, where he remained
until 1845, when he removed to New York.
In 1847 he was elected judge of the Superior
Court of New York, resigning in 1860. In
1862 he was appointed by President Lincoln to
conduct with John A. Dix the trials of the
prisoners of State, and in 1864 actively sup-
ported Lincoln in the Presidential campaign.
He was prosecutor for the government of John
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H. Surratt, indicted’ for complicity in the
assassination of Lincoln, and in 1869-70 was
United States district attorney for southern
New York. In 1870 he was one of the com-
mittee of 70 which fought the Tweed ring, and
in 1875 became Attorney-General of the United
States, which office he resigned in 1876 to ac-
cept the appointment of Minister to England.
He resigned this post in 1878, and resumed his
law practice. )

PIERROT, pé-i-ré’, in France one of
the characters that appear in pantomime. The
pierrot is a cunning and shameless poltroon,
whose_delight is in mischief or roguery. His
dress is white, very wide and loose, with huge
buttons.

PIERS PLOWMAN.
WiLLiam.

PIERSON, pér'son, Abraham, American
educator: b. Lynn, Mass., about 1641; d. Kil-
lingworth, Conn,, 7 March 1707. e was
graduated from Harvard in 1668, ordained in
the following year, served in charge of various
pastorates and in 1700 was one of the founders
of Yale College, of which he became the first
president in 1701. He remained in that office
until his death in 1707.

PIERSON, Arthur Tappan, American
Presbyterian clergyman: b. New York, 6 March
1837. He was graduated from Hamilton Col-
lege, Clinton, N. Y., in 1857, and was a Con-
gregational minister until 1863, when he en-
tered the Presbyterian body. He has held many
important pastorates in the United States, was
pastor of the Metropolitan Tabernacle in Lon-
don in 1891-93, and of Christ Church, there, in
1901-03. He has lectured on missions in the
United States and in Scotland and is author of :
‘Keys to the World> (1888); ‘Heart of the
Goss&d) (1892) ; ‘New Acts of the Apostles’
(1894) ; ‘The Gordian Knot’> (1902); ¢The
Keswick Convention’ (1903), etc.

PIERSON, lerael Coriell, American actu-
ary: b. Westland, N. J,, 22 Aug. 1843. He was
graduated from the University of the C\IA?' of
New York in 1865. 'He is actuary of the ) -
ington Life Insurance Company and first vice-
president of the Actuarial iety of America,
of which he was secretary 1889-99, .

PIETER DE HOOCH (or HOOGH),
fé téer dé hér (hdg), Dutch painter: b. about
630; d. about 1681. Very little is known of
the life of this painter, of whom no authenti-
cated portrait exists and a number of con-
temporary Pieter de Hoochs have added con-
fusion to the various printed accounts. His
birthplace is unknown, but from documentary
evidence he seems to have been living at The
Hague from 1653 to 1655, where he was em-
ployed as servant to a merchant, Justus de la
Grange and {ninted pictures as he had oppor-
tunity. He 1s recorded, 20 Sept. 1655 as a
member of the Painters’ Guild of Saint Luke at
Delft. Two years later he is lost sight of and
remains in ogscun;?' until he is found in Am-
sterdam in 1668. Here he came under the influ-
ence of Rem! t, an influence of highest im-
portance to his art. No picture of de Hooch is
dated later than 1677 and it is assumed that he
died shortly afterward. He is a painter of
genre subjects, choosing for the most part Dutch
interiors, though there exist a number of ex-
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terior scenes — scenés of cottage life outdoors,
where the landscape features are ably handled.
Though several of his pictures exhibit animated
groups of people, he for the most part relegates
the human element to a subordinate position and
paints sunlight as his principal object. His rep-
utation has increased in recent years; the Eng-
ish, who possess many of his best works, being
earliest in showing their appreciation. His
greatest works are ‘The Country House’ and
(The Battery’ in the Ryks Museum, Amster-
dam; the ‘Card Party’ in the Louvre and the
Dutch Interior’> in the National Gallery. An
{Interior’ is in the Metropolitan Museum, New
York and other -examples in the private col-
lections of C. F. Yerkes of Chicago and H. O.
Havemeyer, New York.

PIETERMARITZBURG, pé-tér-mir'its-
boorg, or simply MARITZBURG, South Af-
rica, the capital of Natal, situated on an elevated
plain, 2,200 feet above sea-level, 70 miles by rail
west-northwest of Durban, on the river Um-
sindusi, a tributary of the Umgeni. It is a
thriving and pleasant town, well laid out, with
broad streets, many planted with trees and
lighted by gas and electriciay. It contains sev-
eral handsome public buildings including the
Legislative Council building, in front of which
is a white marble statue of Queen Victoria.
Pietermaritzburg is the seat of an Anglican
bishopric and among its churches are two
cathedrals. Its educational institutions include
a library, a small museum, Maritzburg College
and several public schools, an Anglican college
for girls and a Roman Catholic convent. The
town has several reserves for recreation pur-

ses, the chief being Alexandra Park. The

otanic Gardens are situated a short distance
from the town. The extensive waterworks cost
about $300,000. Fort Napier contains the bar-
racks. The chief industries are the building of
carts and wagons, tanning, brickmaking an
brewing and there is some trade in hides, etc.
Pietermaritzburg was founded by Boers in
1839 and derives its name from two Boer lead-
ers, Pieter Retief and Gert Maritz. It was
incorporated in 1854 and the railway was opened
in 1880. The assessed valuation of realty is
over $20,000,000. Pop. (estimated) 30,555, of
whom half are white, one-fourth Asiatics and
Indians and one-fourth blacks.

PIETISM, a religious movement in the -
Lutheran churches of Germany, which had its
rise toward the end of the 17th centu Like
Methodism and Methodist, Pietism and Pietist
were originally terms of contempt bestowed on
religious innovators by their conservative op-
ponents. The author of the Pietist movement
was Philip James Spener, a Lutheran pastor at
Frankfort on the Main who in 1670 began to
hold private conferences in his own house with

evoutly inclined peopl