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large amount. Lord Rayleigh, in the course of his recent valuable
work on the density of gases,* conclules that his carbonic oxide also
was free from hydrogen or hydrocarbons; and indeed there is no reason
why this result should not be easily attained if one uses pure materials.
Lord Rayleigh explaius the existence of hydrogen in my carbonic oxide
by drawing attention to the fact that in my case the gas, dried only
by calcic chloride, was passed over red hot platinum sponge.

This explanation is undoubtedly correct. Many experimenters have
shown that the reaction CO -+ H,O = H, + CO, is an easily rever-
sible oue at high temperatures,t and in the presence of a large excess
of carbon monoxide, it is obvious that nearly all of the trace of aqueous
vapor would be reduced. For my purpose at the time, the source
of the hydrogen was of no importance; it was only necessary to know
the exact amount of the impurity, and this was suitably determined.
It is satisfactory to know the cause of the discrepancy, however, as
well as to know that it is easier to prepare carbon monoxide almost
free from hydrogen than seriously countaminvated with it. DMore often
than we suspect, perhaps, are our carelessly planned efforts at purifica-
tion apt thus to introduce more impurity than they eliminate.

In a recent number of the Journal of the American Chemical Society,
(March, 1898,) F. R. M. Hitchcock has published a preliminary paper
upon the occlusion of various gases by the oxides of metals, having
apparently overlooked the Harvard investigations. It is satisfactory
to see the phenomenon widely recognized; for an appreciation of this
serious cause of possible constant error will result in the publication of
fewer erroneous determinations of atomic weights than have appeared
in the past. One should also bear in mind the fact that nitric acid
is not by any means the only substance which is liable to leave apprecia-
ble contamination in material from which it has been expelled by heat.
The number of such occlusions is far greater than most analysts
imagine ; this fact is not realized because the minute residues are often
so hard to detect.

The evidence of this paper proves that in reality no discrepaucy
exists between the results of Scott, and Morse and Arbuckle, and
those obtained at Harvard. The apparent disagreements were caused

* Proc. Roy. Soc., LXII. 204 (1898).

t Bunsen, Liebig’s Annalen, LXXXYV. 137 (1853). Horstmann, Ibid., CXC.
228 (1878). Bdotsch, Ibid.,, CCX. 207. And especially Hoitsema, Zeitschr. Phys.
Chem., XXV, 688, as well as others.
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by the fact that the later experimenters investigated parts only of the
wide field outlined in 1892, the relation of the parts to the whole
being partially unperceived. The paper also shows that the unequal
escape of oxygen and nitrogen imprisoned in the oxides of metals is a

plienomenon of great interest, capable of shedding light on the internal
kinetics of solids.

CaMBRIDGE, May 1, 1898.
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COMMUNICATIONS FROM THE HARVARD MINERALOGICAL
MUSEUM.

OCCURRENCE OF NATIVE COPPER AT FRANKLIN
FURNACE, NEW JERSEY.

By J. E. WoLFrr.

Presented April 13, 1693,

In 1897 a large specimen of ore containing native copper from the
pew (Parker) shaft at North Mine Hill, Frauvklin Furnace, was ac-
quired for the Harvard Mineralogical Museum.

The specimen, some seven inches square, is broken flat parallel to the
banding of the ore body, and is composed of a central band of apple-
green willemite interbanded with coarse white calcite and smaller masses
of franklinite and zincite in the usual association. The cleavage sur-
faces of the calcite masses are curved by pressure, and show the develop-
ment of the gliding planes parallel to —4 R. In the central zone of the
specimen these evidences of pressure become intensified, and small
slickensided surfaces are developed in the willemite and calcite, while
the former mineral is irregularly cracked in addition to the develop-
ment of the imperfect cleavage. In this zone native copper occurs,
forming a band half an inch wide running parallel to the banding of the
ore. The copper has no distinct crystalline form, but occurs as thin
films or thicker sheets filling the cracks in the willemite and occasion-
ally in the calcite. Except for traces of oxidation on its surface, the
copper is pure and associated with no other mineral.

Of two other specimens loaned by Mr. J. A. Van Mater, superin-
tendent at North Mine Hill, one bhas the same association described
above, and shows a veinlet of copper penetrating calcite along a gliding
plane, in addition to the penetration along fissures in the willemite. In
the other the copper occurs in willemite which is associated with yellow
garnet, black biotite, and calcite. The masses of copper are thicker
here, and a projecting point laid bare by the removal of the matrix
has some resemblance to a spear-head twin of copper, but is probably
a matrix mould.
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In May, 1893, small sheets of native copper were seen by the writer
in vein matter coming up from the deep levels, but have not yet been
observed in the standing vein. The matrix is a light yellow densely
granular mineral with resinous lustre, which appears from preliminary
tests to be a phase of the yellow manganese garnet (polyadelphite)
so common in the vein matter of the Parker shaft. It is intimately
mixed in microscopic veinlets and larger wasses with an amorphous
(often eurthy) light pink manganese mineral not further identified.
A thin section of this gangue shows cloudy yellow spots of the garnet
surrounded by paler transparent material which has the feeble double
refraction in sectors of some garnet, a.property which has not been
observed by the writer in the ordinary deep yellow garnet of the ore
body. This abnormal character aud the veining by the pink material
suggest an alteration of the original garnet gangue with which the
deposition of the copper might have been contemporaneous.

Mr. Van Mater states that native copper occurred in 1897 about
eight hundred feet below the surface in a seam in the middle of the ore
bady, i. e. about half way between the hanging and foot walls. This seam
was filled with a gangue of rhodouite and other minerals in an earthy
porous condition, and probably represents the form just described.

The other occurrence in massive willemite was not observed in the
standing vein, but was picked out from the ore coming from about the
same depth.

It is evident, from the relations of the veinlets of the copper to the
cleavage and cracking of the willemite and secondary pressure planes
of the ealcite, that its deposition took place after the formation of the
zine ores and associated minerals, and that possibly the circulation of the
solutions from which it was deposited took place along the same motion
plaues in the ore body which produced the beautiful slickensides found
occasionally in this part of the deposit. There are mo facts on which
to base a conclusion as to the form in which the copper was carried in
solution, nor as to the method of its final reduction and deposition,
although it is probable the changes noticed above in the garnet gangue
were connected with it.

This occurrence increases the long list of minerals found at Franklin
Furnace and vicinity (now nearly seventy), and is an interesting addition
to the occurrences of native copper below the zone of surface oxidation.
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EXHIBITION AND PRELIMINARY ACCOUNT OF A COL-
LECTION OF MICROPHOTOGRAPHS OF SNOW
CRYSTALS, MADE BY W. A. BENTLEY.

By J. E. WoLrr.

Presented April 13, 1898.

THE study of snow crystals dates back to the middle of the sixteenth
century, when the first drawings appeared in the book of Olaus Magnus
in 1555, and other early authors, including Des Cartes and Keppler,
bave described and figured these forms. In 1820, William Scoresby
published 96 drawings of snow crystals made in the Arctic regions,
in 1835 J. Glaisher 154, and in the same year Franke 119.

The first reproduction of microphotographs of snow crystals was
in the small monograph of G. Hellmann in 1393 with about 60
examples,* and in the same year G. Nordenskitld published about the
same number. ¥ In 1894 Hellmann published a plate of much lurger
pictures taken by a Russian photographer. 1

The present collection has been made by Mr. W. A. Bentley of Nash-
ville, Vermont, during the last twenty years, and includes about 400 of the
most interesting examples out of a total of 550 made by him. Through
the disinterestedness of Mr. Bentley the collection has been acquired
at a nominal cost for the Harvard Mineralogical Museum for study and
public exhibition.

Its scientific value is enhanced by his notes, which comprise a number
of meteorological observations made by himself at the time many of the

* Schneekrystalle-Beobachtungen und Studien, by Professor G. Hellmann,
with eleven cuts and eight heliogravures after the micro-photographs of R.
Neuhauss, M. D. Berlin, Rudolph Muckenberger. The historical summary given
above is taken from this work. ' ¢

t Preliminary Communication concerning an Investigation of Snow Crystals.
Geol. Foren. i Stockholm. Forh. Bd. 15, pp. 146-158. 1893. English summary in
Nature, Vol. XLVIIIL pp. 592-504.

t Meteorologische Zeitschrift, 1894, p. 281.
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sets from individual storms were made, including date, temperature,
snow fall, condition of the clouds, direction and force of the wind, and
sometimes notes as to the general character of the snow crystals and
their changes as the storm progressed.

The magnifications used range from 32 to 31 diameters, and are
evidently much higher than those of previous collections. The same
general types of crystals noticed by previous observers recur here, such
as the star form, star form with solid nuclens, and tabular form, while
the columnar form (hexagonal prism and base) is rare, aud the hexago-
nal pyramid is not seen. Variations of skeleton growth of hexagonal
plates, comprising the base and prism of the first order, predominate ;
less commonly the intermediate axes are visible by lines of growth
or air inclusions, and rarely a triangular development suggests rhombo-
hedral symmetry. The presence of the varied markings due to inclu-
sions of air is much more prominent in these than any as yet published,
owing to the higher magnification and the superb technique of the
photographs.  Mr. Bentley also confirms the previous observation, that
large stellate crystals are more common at the bigher temperatures and
the tabular ones at the lower.

Some photographs of frost crystallizations are included.

Reserving for a future communication the result of more detailed
study, a preliminary account is here given of this large and perfect
collection which may justly be called a monument to the patience, skill,
and enthusiasm of the maker.*

* In “ A Study of Snow Crystals,” recently published in Appleton’s Popular
Science Monthly, (May, 1898, pp. 75-82,) by W. A. Bentley and G. H. Perkins, the
authors give some account of this collection, with a reproduction of 27 examples.



Proceedings of the American Academy of Arts and Sciences

Vor. XXXIIL. No. 24. — JuxE, 1893.

AN INQUIRY INTO THE NATURE OF ELECTRICAL
DISCHARGES IN AIR AND GASES.

By Jouy TROWBRIDGE.

Wira Taree PLaTes.

ISVESTIGATIONS ON LigET AND HEAT, MADE AND PUBLISHED WHOLLY OR IN PART WITH APPROPRIATION
pROM THE Rumrorp Foxb.

VOL. XXXIII. — 28



PRODUCED BY UNZ.ORG
ELECTRONIC REPRODUCTION PROHIBITED



AN INQUIRY INTO THE NATURE OF ELECTRICAL
DISCHARGES IN AIR AND GASES.

By Jouy TROWBRIDGE.

Presented March 9, 1898,

I a previous communication * I have described with some detail the
installation of a storage battery of ten thousand cells, and 1 gave a pre-
liminary account of some of the effects produced by this battery. It
ceemed desirable to utilize to the utmost its ability to produce high
electromotive force. Hitherto investigators have been limited to a com-
paratively narrow rasge of inquiry on this subject; and this paper
therefore contains an accouunt of an incursion into what may be termed
a new region, in which matter is subjected to an unusual electrical
stress.

The discharge from a large number of Planté cells is characterized by
a sibillant flame, which, by quickly separating the spark terminals, can be
drawn out to a length of several feet. It closely resembles the light
produced by passing an electric spark through lycopodium powder.
When a photograph of this flaming discharge is examined, it is seen to
have an intensely bright spark as a nucleus. On account of the flaming
discharge it is difficult to examine its character by means of a revolving
mirror. By employing, however, two spark gaps, it seemed possible to
ascertain whether the discharge is oscillatory or not.

In my experiments the circult was made at the instant the revolving
mirror was in the position to reflect an image of the discharge of the
battery upon a sensitive plate. The photographs obtained in this way
showead disruptive discharges superimposed upon a continuous discharge.
The latter, however, masked any appearance of an oscillatory discharge.
It was evidently necessary to blow out the flaming discharge in order to
see if oscillations followed the pilot discharge. The first experiment was
made with 2500 cells arranged in series; and the flaming discharge was
much lessened both by the reduction in the number of cells and by a

~'suitable arrangement for blowing it out. On developing the photographs

* These Proceedings, XXXIL 253.
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it was found that the discharge was an oscillatory one; for as many as
five or six clearly defined oscillations followed the first, or pilot discharge.
The number of cells was then doubled; and, although more difficulty
was experienced with the flaming dischurge, oscillations were again
obtained.

On the supposition that each cell of the battery can be regarded as a
leaking coundenser, and that it is equivalent in capacity to a condenser
shunted by a resistance equal to that of the electrolyte, we can treat such
a cell as a conducting condenser under the influence, during discharge, of
a periodic current. The analysis of this well known case is as follows.*

Let A8 Cand 4 E C be two circuits, the circuit 4 B ( being a shunt
to the circuit 4 £ C, which contains a condenser E.

Let L be the coefficient of self-induction of 4 B €, R its resistance, '
the capacity of the condenser in the circuit A £ C, and r the resistance of
the wires leading to the plates of the condenser.

Then, if 7 is the current through A4 B (', and x the charge on the plate
nearest to 4,

di . dx |z
L—+ Ri=r— +=.
Tt
Since each of the quantities is equal to the electromotive force between
A and C.
If ¢ = cos pt /L’~’2+R'2%
" then z = Hsin (pt + a),
()

Lp 1
— a1 2P o
where a = tan 7 + tan FhC
Hence (fi—f = \/_L_lp_j_‘ﬁ cos (pt + a).
gt

Thus the maximum current along 4 # C is to that along 4 B C as
VIHRTE R isto T + 7
Or if we neglect the resistance r of the leading wires, as
VI R in, or, neglecting Z, as, gfi
Cp

# See Elements of Electricity and Magnetism, by Prof. J. J. Thomson, p. 431.
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In the case of one cell of the battery the polarization capacity is un-
doubtedly very large. C. M. Gordou* finds that the polarization capacity
of two surfaces of platinum (.65 cm.? separated by an interval of 2 mm.
amounts to more than 50 microfarads. The cells of my battery consist
of lead plates of about 10 cm.? surface separated by about 6 mm. Tle
layer of peroxide of lead undoubtedly gives a large polarization capacity.
The resistance of each cell is about one quarter of an ohm. Eveu wih
this small value of R, oscillating currents such as my experiments show
arise when the battery discharges through air or gases. A large portion
of the oscillating currents pass through the condenser circuit, and the
electrolyte acts as a semi-insulator. With a very high value of p, no
current would pass through the electrolyte, and the cells would therefore
act like Leyden jars. In the case I am considering, the Planté cells evi-
dently act like leuky Leyden jars coupled in series. If C'is the appar-
ent capacity of one cell, %would be the capacity of n cells.

An examination of the photographs of the oscillations produced by
2,500 cells, showed an appareut capacity of about 1,000 electrostatic units.
Five thonsand cells gave an apparent capacity of about 500 electrostatic
units, as should be the case. The small apparent capacity C results
from the leaking of the condenser due to the conduction through the
electrolyte.

Since the discharge from an accumulator of a large number of cells is,
in general, oscillatory, I am led to the belief that the discharge from auy
primary battery is also oscillatory, for in all cases we have to deal with
capacity and selfinduction. It is evident that a galvanometer in circuit
with a Geisler tube or a telephone cannot detect the oscillutory dis-
charge, since it is of high period. DMoreover, when a Geisler tube is
lighted by a large battery with no resistance save that of the Geisler
tube and the battery in the circuit, and the light is examined in a revolv-
ing mirror by the eye, no oscillations or intermittence of light can be
perceived on account of the flaming discharge through the rarefied gas.

The oscillatory discharge may be said to be the common occurrence of
nature in the case of electrical discharges, and the one direction discharge
the uncommon.  This has been expressed by the remark that electricity
takes the path of least resistance ; this common belief, however, must be
modified under certain conditions of resonance. In general, nature avoids
a unidirectional discharge.

* Wied. Ann,, No. 5, 1807, p. 28.
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A large storage battery exhibits in an interesting manner the time
necessary to change condensers to a definite potential. When the iuuer
coating of a Leyden jar of about 10,000 electrostatic units is connected
with one pole of the battery, and the other rests upon a wooden table upon
which the Leyden jar is placed, this jar will discharge through a small
spark gap once in about ten seconds. When this latter terminal is con-
nected directly with the outer coating of the jar, the rapidity of discharge
increases to at least oue hundred a second, and appears to the eye to be
continuous. The battery acts like a reservoir, aud continually supplies
the loss in the jar. I was interested to ascertain whether the capacity in
the circuit influenced the breaking down effect in air and inoil. Without
external capacity boiled linseed oil broke down between small spheres —
at a distance of one millimeter — under a difference of potential of
20,000 volts. A sheet of microscopic cover glass 314 of an inch in
thickness was not, however, perforated, and a sheet of mica 1555 of an
inch in thickness also withstood this difference of potential. When a
capacity of 10,000 electrostatic units was employed no difference could
be observed in the breaking down effect. When therefore a powerful
storage battery is employed to generate a difference of potential, it
apparently serves the purpose of maintaiuing a full differcnce of potential
between termiuals, and an external capacity does not influence the break-
ing down effect.

The experiments I have described on the electric strength of thin layers
of glass showed that a number of Franklin plates one tenth of an inch in
thickness could be charged in multiple and discharged safely in series.
I had constructed at first an apparatus similar to that described by Planté.
I speedily found, however, that the design employed by kim would not
enable me to utilize the full energy of 10,000 cells, for short circuiting
would occur in the apparatus. " The form described by Planté was there-
fore replaced by the one shown in Plate I, and in plan and elevation in
Plate II. (Figs. 1 and 2).

Figure 1, Plate I1., represents an elevation of one end of the appara-
tus, aud Figure 2 a plan of this end. The condensers are shown at C'in
Figure 1, but are not represented in Figure 2, in order that the con-
nections may be more clearly seen. In Figure 1, H is a handle which
noves by means of the link work D both levers L and L/ at ouce.
When the lever L is lowered, conductors running along @ and a; are
brought in contact with the coatings E and E’ of the plate condensers,
C counecting them in multiple. At the same time the lever L/ is lifted.
When, however, the lever arm Z is lifted, Z” descends until the diagounal
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connector running along b and & are brought in contact with the coatings
E and E' in such a manner as to conuect them in series. The condue-
tors connected with the lever arm L extend beyond the connecting arm
D, in order to make connection with the terminals of the storage battery
B. This extension is necessary in order to prevent any possibility of a
return discharge through the battery. 7 represents one of the terminals
of the machine, — which is a special arrangement of the apparatus cou-
sisting of spheres one foot in diameter, and thus give a scale of estimation
of the size of the apparatus. There are one hundred and fifty plate
condensers forty by fifty centimeters.

Lord Kelvin, in a paper dated April 12, 1860,* entitled « Measure-
ment of Electromotive Force required to produce a Spark,” states that
“ there is a much less rapid variation with distance of the electrostatic
force preceding a spark at the greater than at the smaller distance. It
seems most probable that at stili greater distances the electrostatic force
will be found to be sensibly constant, as it was certainly expected to be
at all distances.”

Professor Elihu Thomson, by means of transformers, has obtained
sparks of fifty to sixty inches in length, and has estimated the necessary
voltage to produce a spark of 80 cm. at 500,000.

This estimate A. Heydweiler { thiuks is very much too great, and he
believes that 100,000 would be nearer the truth. My investigations
show conclusively that the estimate of Professor Thomson is far nearer
the truth than that of Heydweiler, and instead of being lessened it should
be increased.

In a late paper on the tension at the poles of induction apparatus,
A. Oberbeck{ states that a potential difference of 60,000 volts under given
conditions can produce a spark of more than 10 cm. in length. It is
difficult to obtain consistent results by the use of induction coils and
transformers.

My results show that Lord Kelvin’s conjecture, that the electrostatic
force necessary to produce a spark in air remains scnsibly constant for
all distances beyond the limit he describes, is correct up to the voltage
of one million; for when the length of spark is plotted as abscissas,
and the corresponding electro-motive force as ordinates, a straight line
1s obtained. Planté ealls attention to the fact that the loss of energy
resulting from the transformation of dynamic into static electricity is in

* Papers on Electrostatics and Magnetism. Macmillan, London, 1872, p. 258.
t Wied. Ann., No. 48, p. 231, 1803, t Wied. Ann., No. 9, p. 109, 1897.
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the case of his apparatus much less than in induction apparatus. This
remark applies with great force to the modern use of transformers for
the production of high tension etfects. With the improved form of
rheostatic machine which I have had constructed, one third of a horse-
power will produce the effects which have hitherto required the em-
ployment of thirty to forty horse-power.

Up to the point of one million and a half volts the length of the elec-
trical discharge in air appears to be closely proportional to the electro-
motive force. When this voltage is exceeded, the length of the spark no
longer increases in proportion to this force. For instance, an electro-
motive force of approximately three million produces a spark of about
seven feet in length, two hundred and ten centimeters, when it should
excite one at least ten feet in length. The reason of this diminution
in length is readily seen when the operation of my apparatus is examined
in the dark. From both terminals and from the conductors to the ter-
minals there is a luminous brush discharge to the walls and floor of the
room. The main discharge between the terminals is so to speak shunted
through the air, which breaks down with facility at such high voltages.
The high electromotive force exerts a similar action to that of diminished
air pressure.

It is thus interesting to compare these conditions further. I therefore
connected in multiple two Leyden jars, of about five thousand electrostatic
units each, with the poles of five thousand of my cells, and measured the
disruptive discharge in a receiver which contained air at ten centimeters
pressure. The length of the discharge at this pressure was approximately
eight centimeters, when the jars were charged with ten thousand cells.
The length of this discharge was fourteen centimeters. Here twice the
voltage did not produce twice the spark length. The diminution of length
was evidently due to a species of shunting through the air, which had
become a relatively good conductor. Indeed, one sees the luminous area
of discharge on the positive terminal extend farther and farther in the
case of pointed terminals from the point of the terminal.

In ordinary atmospheric air, therefore, the same increase of electrical
conductivity takes place under the action of great electromotive force.
Tt is difficult to make exact measurements of the action of such powerful
discharges ; but the following qualitative experiments, I think, will illus-
trate my meaning. When discharges produced by one million volts and
over are excited between terminals six feet apart in tubes filled with
ordinary water, the tubes are speedily burst, and when the phenomenon
is carefully examined it is perceived that disruptive sparks occur on
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the surface of the water inside the tubes which vaporize the water and
thus lead to an explosion. The layer of air conducts more readily than the
water. The same phenomenon can be shown by interposing a condnetor
made of plumbago and infusorial earth of about ten thousand ohms re-
sistance between the terminals of the apparatus. A spark passes over
the surface of such a conductor through the air, if the length of such a
conductor does not exceed ten or twelve inches. The breaking down
resistance of atmospheric air for such high voltages between terminals
this distance apart is therefore less than ten thousand ohms. The same
phenomenon is observed in the case of paraffine cil, which exhibits between
pointed terminals a resistance of only a few thousand ohms for distances
of six to eight inches. The actual resistance after breaking down falls
to two or three ohms. This I have shown in a previous paper.* To still
further study this breaking down of air insulation I carefully measured
by Kohlrausch's Bridge method a liquid resistance consisting of diluted
sulphate of copper of about one thousand ohms. The terminals in the tube
were disks of copper about one square centimeter in area. It was found
that the spark preferred to jump through five centimeters of air to pass-
ing through the sulphate of copper. The entire range of my experiments
precludes to my mind the idea that this effect is due entirely to polariza-
tion of the electrodes. The air evidently breaks down with increasing
readiness when the electromotive force is increased beyond a certain
limit. This is true also of liquid dielectrics like oil. One of the most
striking experiments in this connection can be performed by coating
a board with a thin layer of plumbago, which is polished upon the
surface in such a manner as to make a resistance of about one
thousand ohms between broad terminal bands of copper. When a dis-
charge under a difference of potential of one million volts passes between
the terminal bands which rest on the coated surface, the entire sur-
face is luminous. If an orange is interposed between terminals of the
apparatus which gives over two million volts, it glows in the dark like
a golden Chinese lantern, and the discharge passes beneath the rind and
over the liquid portion of the conductor. These experiments make it
clear to my mind that the disruptive effects of lightning in rending trees
aud shattering structures is due in large measure to the expansion of con-
fined air or to the sudden formation of steam produced by the electric

spark preferring to break down the air to overcoming the resistance of the
poor solid conductor. '

* These Proceedings, XXXII. 253.
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The effects in air of a voltage of three million are extremely suggestive
of the great energy in ordinary flashes of lightning. This voltage will
produce sparks six to seven feet in length in ordinary air between small
spheres. These discharges closely resemble lightning discharges. They
can be obtained of nearly three feet in length from one terminal of the
machine, the other terminal being insulated, by bringing near this
termioal a conductor which is connected with the ground. It is evident
that the electrical circuit is completed through the air to the insulated
terminal. When the apparatus for discharging the Leyden jars or
Franklin plates was first set up, the coated surfaces of these plates were
not more than a foot from the floor. It was speedily discovered, when
the room was darkened, that there was a powerful brush discharge to the
floor. The eutire apparatus was then lifted three feet. - In this case
there was a gain in the length of discharge which could be obtained;
for the air resistance was thus increased. The apparatus is now pecu-
liarly well situated, being three feet above the floor and at a distance
from the walls of the room. When, however, the discharge takes place,
one feels as if a window had been suddenly lifted, letting in a gust
of wind, one’s coat lifts, and sparks can be drawn from the neighboring
walls. In order to get the full effect of such a voltage in producing dis-
charges, the apparatus should evidently be placed thirty or forty feet above
the earth, and should be remote from other masses.

Photographs of these powerful discharges closely resemble those
taken of lightning. It is evident to my mind that many of the pecu-
liarities of lightning flashes are due to imperfection in leuses, or to a
want of focus. The so called ribbon discharge can be closely imitated
by putting the camera out of foeus. When a portrait lens of large
aperture is employed, many details are obtained which are not shown
by the ordinary landscape lens. Thus Plate IIL, taken by a Dallmeyer
portrait lens, represents a single discharge from a sphere one foot in
diameter to a long linear conductor which formed the positive terminal.
The main discharge was between four and five feet loung, and the air
between the terminals was filled with a powerful brush discharge, which
passed off at right angles to the surfaces. The portrait lens also shows
that a single discharge is really made up of to and fro oscillatory dis-
charges; for bifurcations are seen pointing in opposite directions on the
line of discharge.

The effect of the high electromotive force which can produce such
powerful discharges in air is also of great interest when it is examined
in rarefied gases. The spectrum of hydrogen does not appear to be
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materially changed from the well known form obtained by interposing
a Leyden jar in circuit with an ordinary Rubmkorf coil. The four most
prominent lines are present. Further investigation will be necessary to
determine whether more lines are bronght out by the increased electro-
motive force. The spectrum is exceedingly brilliant.

In a previous paper it has been pointed out that the instahtaneous de-
velopment of heat in disruptive discharges through hydrogen when the
peculiar spectrum observable in stars is obtained is very great.* This
spectrum is seen in the solar prominences, and therefore indicates a very
high temperature, apparently much higher than the surface of the sun,
which shows the fluted spectrum of carbon which can be produced in
the electric furnace. This high temperature might be due to explosions
of gas trom the body of the sun, or it might be possibly caused by electric
discharges through the masses of gas thrown up by some explosive action.
The long continuance, however, of this spectrum of hydrogen indicates
a prolongation of the state of high temperature. Electrical discharges
occurring oftener than sixteen times a second might produce the spec-
trum and still account for the apparent high continuous state of tem-
perature of the gas.

Leaving, however, for the present a more careful study of the hydro-
gen spectrum under the conditions of extremely high electromotive force,
I pass on to the effects produced by such volrage in very highly rarefied
media such as are coutained in Crookes tubes. In these experiments I
have heen greatly assisted by Mr. John E. Burbank, graduate student.

The experiments were conducted with Crookes tubes containing no
interval between the anode and the cathode; and no discharge therefore,
in the usual sense, occurred in the tubes. A continuous conductor was
led through the rarefied tube, and it was discovered that the X-rays were
giveu off' from every element of this conductor at right angles to its sur-
face when a disruptive discharge occurred in the circuit of which the tube
formed a part. This remarkable result was obtained by means of the
very high electromotive force obtained by the apparatus represented in
Plate 1., which was charged by ten thousand storage cells.

The first tube is shown in Figure 1. It consisted of a straicht wire
tube joined to an ordinary Crookes tube of the focus pattern. This latter
tube was joined to the straight wire tube in order to test the vacuum in
the latter, and to be sure that the necessary conditions existed for the
production of the X-rays. When the terminals of the straight wire tube

* Am. Journal of Science, Vol. 111., April, 1897,



444 PROCEEDINGS OF THE AMERICAN ACADEMY.

were connected to the Planté machine, and the latter was excited,
the entire tube fluoresced brilliantly. This fluorescence was especially
bright in the connecting tube between the straight wire tube and the
Crookes tube, and a beam of light passed across the Crookes tube and
formed a ﬂuorescent spot on its bulb.

/—/\\
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Photographic plates were exposed opposite to the thin bulb on the
straight wire tube. These plates were carefully insulated from the ground,
and were covered in one case with a sheet of hard rubber an eighth of an
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inch in thickness, and in another case by a sheet of glass about halfaninch
in thickness. A powerful brush discharge was seen in the dark room to
pass from the thin bulb of the tube to the insulutor which covered the
plates, and on developing the plates they were found to be covered with
star-like clusters surrounded by nebulous patches. It was evident that
the brush discharge had produced discharges at the surface of the dry
plate, even through plates of glass half an inch in thickness. Moreover
there was a general darkening of the surface of the plate which indicated
the action of the X-rays. No metallic objects could be placed upon the
dry plates, for a powerful spark immediately passed to them and punc-
tured the tubes. The darkening, however, was apparently diminished
under strips of glass, although the effect of the brush discharge masked
the effect of the X-rays. :

Before the straight tube was exhausted powertul brush discharges
were given off at the euds of the tube. When the tube was exhausted
these brushes were much diminished and were replaced by a powerful
brush, which came off from the straight wire through the bulb of the tube
and speedily punctured the latter when any object, even an insulator,
was brought within six ioches of the bulb. The most intcresting result
obtained with this form of tube was the production of the so called X-
ray burn by means of the brush discharge from its bulb. When the back
of the hand was exposed to this brush discharge, which assumed a peculiar
forked nature in the dark room, a peculiar prickling sensation was ex-
perienced, and all the symptoms of the well known X-ray burn developed.
The skin when examined under a microscope exhibited an appearance
similar to that shown by the photographic plate. There were centres of
inflammation surrounded by regions of lesser degrees of burn. It seems
evident that the so called X-ray burn is due to an electrification, — a dis-
charge at the surface of the skin, — and this electrification may or may
not be accompanied by the X-.rays. The first form of tube was then
abandoned, and a straight wire tube alone (Fig. 2) was employed. Simi-
lar results were obtained with this tube. It was significant that the
whole interior of this tube fluoresced brilliantly when it formed part of a
circuit through which a disruptive discharge passed. This latter form
of tube was replaced by that represented in Figure 3. A side ending in
a thin bulb was added to the straight wire tube. The same phenomenon
was exhibited by this tube: in addition, a brilliant fluorescence filled the
side tube, which appeared to flow in or flow out of the narrow tube
which ended in the small bulb. One is reminded by this phenomenon of
Poynting’s hypothesis of the flow of energy into a wire. This form of
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tube was replaced by a straight wire tube which is represented in Figure
4 and Figure 5 (side view). A straight wire passed completely through
the tube, and was in circuit with a line on which there was a rapid change
of potential. At one end of this tube opposite a thin bulb blown on the
tube is a piece of platinum foil inclined like the ordinary focus plane in a
focus tube. At first we connected this focus plane with the ground, and,
having ascertained that X-rays were given off very strongly from this
foil, we removed the ground connection and substituted for it a sheet of
zine. The tubestill gave off X-rays. We then removed the sheet of zinc,
and found that X-rays were given off with undiminished strength. This
tube was then modified into the form represented in Figure 6 and Figure
7 (side view). The straight wire occupied the’middle of a tube: in one
end of this tube was placed a focus plane of platinum, and at the other
end there was a long narrow tube which ended in a thin bulb. In this
bulb was a crystal of calcite which was confined in the bulb by the narrow-
ness of the bore of the connecting tube. This tube showed that X-rays
were given off at right angles to the straight wire, for the calcite fluo-
resced a brilliant red and the fluoroscope showed X-rays proceeding from
the inclined piece of platinum. This form of tube, moreover, showed
that the X-rays are reflected, so to speak, from the interior surface of the
glass, for there were multiple shadows of the wire on the sides of the
tube which were produced by the X-rays of varying intensity that were
developed on the surface of the glass, and which in turn, proceeding from
this surface at different angles, produced elongated shadows. In the
next form of tube, the wire passing through the tube was no longer
straight, but was bent in the manner represented in Figure 8. In this
form of tube there was a brilliant caustic formed on the sides of the tube
opposite the concave side of the wire, and this brilliant caustic threw dis-
torted shadows of the bent wire on the opposite side of the tube. It was
evident that the X-rays were given off at right angles to the surface of
this wire, and therefore coincided in direction with the lines of electro-
static force. We next experimented with the form of tube represented
in Figure 9. This consisted of a large thin bulb five inches in diameter,
enclosing a continuous conductor, the centre of which consisted of an alu-
minium mirror. When this tube was exhausted to a very high degree, the
mirror formed a bright fluorescent spot on the bulb, the position of which
could be readily changed by means of a magnet. When the exhaustion
was carried to a very high degree, reversing the current from a Ruhm-
korf coil through the tube caused no marked difference in the appearances
in the tube; at a lower degree, however, a marked difference resulted.
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With the employment of a powerful Ruhmkorf coil giving sparks of at
least eight inches, X-rays could be detected in this tube, and when the
tube was connected with the Planté machine, the X-rays gave strong
effects in the fluoroscope.

In order to test the question whether the so called cathode rays and
X-rays are generated primarily only at the cathode, a very large resist-
ance of distilled water was interposed in the circuit with the continuous
wire tube (Fig. 9) in order to damp any oscillations which might arise.
The circuit thus consisted of the tube, the water resistance, a spark gap,
and the secondary coil of a large Ruhmkorf. The tube was connected at
first permanently to the air pump. As the exhaustion proceeded a beam
of rays proceeded from the mirror on the continuous conductor which was
focused on the wall of the tube. This beam was more brilliant and pro-
duced a stronger fluorescence on the tube when the wire was negative
than when it was positive.- At a higher stage of the vacuum, however,
very little if any difference could be detected in the appearance of the
tube, and X-rays could be detected outside the tube opposite the fluores-
cent spot caused by the mirror. That is, the X-rays were given off
when the wire constituted both the cathode of the circuit and also the
anode. It seems, therefore, that the term cathode rays is not a general
one. It would seem that electric rays might be a more comprehensive
one for both cathode rays and X-rays.

Furthermore the phenomenon of electrostatic induction plays an im-
portant part in the phenomena of the so called X-rays. When the tube
represented in Figure 9 had reached a certain stage of exhaustion, a bit
of tin-foil connected to a zinc plate 10 by 16 cm. and lem. thick, was stuck
upon the outside of the tube where the mirror formed the fluorescent
spot. This zinc plate was carefully insulated from the ground. It was
seen that a bundle of rays was reflected by the tin-foil to the opposite
wall of the tube. showing a well defined shadow of the mirror and the
continuous conductor on this wall. The direction of this shadow could
be changed at will by changing the position of the tin-foil. This phenome-
non was produced both when the wire was the cathode and when it was
the anode. It can be explained on the hypothesis that a layer of electri-
fied particles is held by a condenser action on the wall of the tube, and
that the fresh coming particles are strongly repelled by those that have
accummulated at the spot.

The behavior of aluminium toward the X-rays is so remarkable that
it merits especial investigation. Can it be that it manifests a remarka-
ble condenser action toward the high electromotive forces which produce
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the X-rays, similar to the action which has been observed at lower volt-
ages?* We connected to the air pump, at the same time, two exactly
similar tubes, one of which had two pointed terminals of platinum, the
other two pointed terminals also; but one consisted of aluminium and
the other of platinum. The discharge from a Ruhmkorf coil was sent
through these tubes, which were in multiple circuit. At a certain stage
of the exhaustion it was seen that the discharge passed more easily when
the aluminium wire was made a cathode than when it constituted the
anode. When the wire terminals in both tubes were made of thin disks,
the difference was less marked. This might have been surmised, from
previous investigations on the effect of form of electrodes on resulting
polarization.t It may be that the anomalous action of aluminium in re.
spect to X-rays is due to a species of dielectric polarization on the sur-
face of the platinum, and that thus the surface becomes a new source of
electrostatic stress, similar to that which was observed by connecting a
bit of tin-foil and a capacity with the tube. Since we are dealing with
very high differences of potential and with high charges on the ions, the
instantaneous exhibition of electrical energy is very great, and ‘might
probably explain the diffusion of this energy through the air. Accord-
ing to this hypothesis the light manifestations of the X-rays arise only
at the fluorescent screens, or at other suitable surfaces.

In continuing these studies of the electrical discharge in a vacuum,
one is naturally led to examine the breaking down of the resistance of
rarefied spaces by means of the X-rays which has been noticed by many
physicists. The form of tube employed in the first experiment is shown
in Figure 10, in which K is the cathode, 4 the anti-cathode, and C the gap
between two terminals connected through a galvaunometer with a battery.
At the X-ray vacuum the smallest voltage which could set up a current
when the gap € was illuminated by the X-rays was 240 volts. Iu the
next form of tube which was employed (Fig. 11), the gap € was replaced
by the gaps GG’ placed on opposite sides of the anti-cathode aud very
near it. The breaking down effect was strong in this form of tube ; and the
residual effect of the X-rays was very marked after they had ceased to
be excited. For instance, if the battery current would just pass when
the X-rays were illuminating the tube, it would also flow some seconds
after the cessation of the X-rays, showing the residual effect of these
rays. In order to form an estimate of the resistance offered to disrup-

* T,. Graetz, Wied. Ann., No. 10, 1897, p. 323.
t Karl Robert Klein, Wied. Ann., No. 10, 1897, p. 259.
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tive discharges by the X-ray vacuum, the resistauce of the X-ray
tube was measured in the process of pumping when it had reached a
pressure of 2 mm., at which stage the rarefied air appears to have the
greatest conductibility, and it was next measured at the X-ray vacuum,
the gap C being illuminated by the X-rays. These measures of resist-
ance were made by using an additional air gap in the circuit, and by the
method of dampening of oscillations. Nine oscillations could be obtained
through the rarefied air at 2 mm. pressure, while under the same condi-
tions eleven oscillations were obtained in the X-ray vacuum. This shows
that, when this high vacuum is broken down, it exhibits less resistance
than air at 2 mm. pressure.

Figores 10 to 14.

In another experiment the gap (' was placed in a tube which was
separate from that in which the X-rays were produced, iu order to pre-
vent any disturbing effect of the current which produced the X-rays.
The same breaking down effects were observed, although they were
lessened by the necessary weakening of the X-rays, since they had to
pass through two surfaces of glass separated by a layer of air.

In order to confirm the statement that this breaking down effect is
exerted at the cathode in the tube through which a battery current is
led, one of the terminals was covered with a piece of thick barometer
tubing which projected beyond the metal of the terminal B’ (Fig. 13).

This thick glass served to diminish the effect of the X-rays ou this
VOL. XXXIIIL =29
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terminal. By reversing the terminals it was then found that the breaking
down effect was exerted principally upon the negative terminal.

Since these investigations had shown that there are anode rays as
well as cathode rays, it was of interest to investigate the breaking down
effect of the anode rays. The form of tube was similar to those before
described, being provided with a continuous conductor, which could be
made positive or negative at will; and it was found that the breaking
down effect was manifested also by the anode rays.

With the tube represented in Figure 11, it was discovered that a differ-
ence of potential of 10,000 volts between &'G” could produce the X-rays,
and indications of them could be obtained at 2,500 volts; and it may be
that they exist even in discharges produced at a less voltage; and is it not
possible that they may be the initial cause of the breaking down of even
atmospheric air, by setting up lines of polarization or stress ?

The conviction has been expressed that electrostatic induction plays
an important part in the production of the X-rays, and the following
additional experiments were undertaken with a modified form of tube.
The first experimental tube was constructed as follows. A continuous con-
ductor 4 K € (Fig. 12) was enclosed in a Crookes tube. One portion of
this conductor consisted of an aluminium mirror, X." The wires leading
to K were covered with glass tubing, and the metallic surface of the back
of K was coated with an insulating glaze. The X-rays produced when
K was made the anode or cathode could be diverted in any direction
by means of a piece of tin-foil placed on the outside of the bulb and
conpected with a suitable capacity, which was carefully insnlated. A
metallic concave disk was then enclosed in the bulb. This disk, being
entirely disconuected from the continuous conductor 4 K C, could be
moved into any position by suitably inclining the tube. The disk B
served to generate by induction a new beam of rays, which was much
intensified by placing a disk of tin-foil on the outside of the glass opposite
the disk inside the bulb and connecting this tin-foil with an iusulated
piece of metal.

The material of the enclosed disk did not appear to influence the
result. In one case it was made of lead, and in another of aluminium.
It was not necessary that the inner disk should be at the focus of K. A
number of such disks could doubtless be employed, all of which would
maunifest such inductive action. )

In order to see if we could detect any refraction of the lines of elec-
trostatic force, a disk of paraffine baving the same radius of curvature as
the outside of the glass bulb was placed at a certain position on the vulb,
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and a piece of tin-foil was theu placed on the outer surface of this disk
B of paraffine and connected with a suitable insulated capacity. In this
case the fluorescent spot produced by electrostatic action was spread out
and ill defined, much as if a disk of glass of similar form should be
placed in the path of rays of light coming from a concave mirror.

It therefore seems to us that in the generation of the X-rays the
electrostatic lines of induction are suddenly formed together with currents
of displacement, and that the wave front quickly advances, probably
with the velocity of light, and that the molecular effects observed are
merely the concomitants of the electromaguetic disturbances.

Since the production of the anode rays requires a higher vacuum than
that at which the cathode rays are excited, we were interested to ascer-
tain if the molecules of the gas under their influence possessed a greater
or less velocity than that alveady found for particles moving from the
cathode. We accordingly constructed a tube which was substantially
similar to that employed by Prof. J. J. Thomson in his investigation
of the effect of the electrostatic field on the path of the molecules excited
by the cathode ray.* The modifications consisted in the substitation of a
continuous conductor 4 K C, Figure 14, for the cathode and anode of
bis tube. In the figure, £ and £’ represent plates maintained at a known
potential, thus giving an electrostatic field, and D is a suitable diaphragm.
We expected to obtain a greater or less deviation of the position of the
fluorescent spot formed ou the surface of the bulb by the anode rays
emanating from K. The inductive effect, however, of the plates £ and
£’ was so great when K was positive that no measures were possible.
This form of tube thus exhibited still more strongly the effects of elec-
trostatic induction, and confirmed us in the belief that electrostatic induc-
tion is an important phenomenon in the generation of the X-rays.

CoNGCLUSIONS.

1. Beyound one million volts the initial resistance of atmospheric air
to electrical discharges becomes less and less, and in certain conditions
can be as low as one thousand ohms between terminals two or three
inches apart. The curve therefore representing the relation between
length of spark and electromotive force departs from a straight line beyond
one million volts and approaches the axis which represents the increase
of voltage.

2. When the initial resistance of highly rarefied air is broken down
by means of the X-rays, it exhibits less resistance than it does at the

* Phil. Mag., October, 1897.
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point of 2 mm. pressure, when it is generally considered of the greatest
conductibility.

3. There are anode X-rays as well as cathode X-rays, and these rays
exhibit all the peculiarities of the cathode rays; such as the excitation
of fluorescence, phosphorescence, and the peculiar action of breaking
down the initial resistance of air and other gases.

4. The X-rays can be distinctly produced with an electromotive force
of 10,000 volts, and there are indications of them at a voltage of 5,000.

5. Electrostatic induction is an important phenomenon in that of
X-rays. Experiments indicate that the X-rays are evidence of an electro-
magnetic disturbance, to which lines of electrostatic form are set up in
the medium, and that the disturbance therefore travels with the velocity of
light, and is accompanied by molecular excitation, which however is only
one of the concomitants of the electromagnetic disturbance.

6. The mechanism, therefore, of the production of the X-rays appears
to be a setting up of electrostatic lines of induction along which the
electromotive force or difference of potential acts, and a production of an
electromagnetic wave or impulse. The stress in the medium reduces its
initial resistance, and the X-rays’ radiation becomes less and less ener-
getic after a certain interval the longer the Crookes tube is excited; for
the increased conductibility of the medium persists after each pulse of
such radiation, and therefore the difference of potential between the
terminals speedily drops, or does not rise to the full value which the
induction machine is capable of developing.

7. The behavior of highly rarefied media to powerful electric stress
is analogous to that of elastic solids to mechanical stresses. A so
called vacuum which acts like an insulator when submitted to an electro-
motive force capable of producing a spark of eight inches in air
(approximately two hundred thousand volts) breaks down under the
stress of three million volts. A single discharge with this voltage through
highly rarefied media produces the X-rays in such a powerful manner
that a photograph of the bones of the hand can be taken in one miilionth
of asecond. During the discharge the apparent resistance of the rarefied
medium is only a few ohms. In this case the medium seems completely
to lose its elasticity so to speak, and is ruptured. The elastic solid
analogy seems to explain the behavior of highly rarefied media toward
powerful electric stresses. The generation of the X-rays is accompanied
by a powerful electrostatic stress which breaks down the so called elasticity
of the medium. The question of the electrical conductivity of the ether,
it seems to me, can be studied best from the elastic solid point of view.
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L. ——-REVISION OF THE MEXICAN AND CENTRAL AMER-
ICAN SPECIES OF GALIUM AND RELBUNIUM.

A prELDONARY study of the Mexican and Central American species
of Galium has made it necessary to take into consideration the North
Auwerican representatives of the nearly allied geuus Relbunium. The
latter, although not so numerously represented in Mexico, inereases south-
ward and attains its maximum in South America, where it to a consid-
erable extent replaces the genus Galium.

Relbunium was first so designated by Endlicher,! as a section under
Galium. Subsequently it was taken up by Bentham and Hooker,? and
established as a genus; a similar view being held by Schumann?® and by
Hemsley,* while Dr. Gray in the Synoptical Flora placed the North
American representatives of Relbunium under Galium.

The typical Relbunium, however, is so well marked by its involucrate
flowers and distinctly axillary inflorescence, that it has seemed best to the
writer in the following synoptic revision to follow essentially the generic
limitations luid down by Benthpm and Hooker, and by Schumann in
Engler and Prantl’s Nat. Pflanzenfamilien.

It may be added that in the examination of a large number of speci-
mens no ditficulty whatever was experienced in placing a given speci-
men definitely either in one genus or in the other, except in the case of
G. angulosum. This species is somewhat intermediate between the two
genera, but a close examination of the inflorescence seems to indicate its
affinity with Galiwm rather than with Relbuniwm.

1 Gen. P1. 523. 2 Gen. ii. 149.

3 Fl. Bras. vi. pt. 6, 103; Engl. & Prantl, Nat. Pfanzenf. iv. Ab. 4, 154,
4 Biol. Cent.-Am. Bot. ii. 62.
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It will be noticed that a few species are herein treated which have not
as yet been reported from Mexico or Central America. In these cases
the known locality is such that the occurrence of the species may be ex-
pected in Northern Mexico. Besides the material in the Gray Her-
barium, the writer, through the kindness of Dr. J. N. Rose, has been
permitted to borrow from the U. 8. National Museum for examination
the Mexican and Central American specimens of these two genera.

GALIUM, Linn. (Name from ancient Greek yd\ov, supposed to
be Galium verum, and derived by Dioscorides from ydla, milk, which it
was used to curdle.) Flowers perfect, polygamo-dieecious, or unisexual,
exinvolucrate. Calyx-tube ovoid or globose; limb obsolete. Corolla
rotate, usually 4-lobed (not unfrequently 3-lobed, and rarely 5-lobed) ;
lobes valvate. Stamens of the same number and alternating with the
lobes of the corolla, adnate to the base of the tube: anthers on short fila-
meunts, exserted. Disk annular. Ovary 2-celled ; styles more or less
2-cleft ; stigmas capitate ; ovules solitary in the cells, borne on the dis-
sepiment, amphitropous. Fruit didymous, dry, subcarneous, or distinctly
baccate, smooth, tuberculate, or hispid, separating into closed carpels, or
only oue carpel maturing. Seeds concave on the face; embryo curved ;
cotyledons foliaceous ; radicle inferior. — Annuals, herbaceous perennials,
or rarely suffruticose plants. Leaves in whorls of 3 to many. Flowers
usually disposed in axillary or terminal cymes, occasionally simply
axillary, or termiual, white, yellow, greenish, or purplish. — Gen. 24
Benth. & Hook. f. Gen. ii. 149; Gray, Syn. FI. N. A.i. pt. 2, 35 (excl.
§ Relbunium in part) ; Schumanu in Engl. & Praatl, Nat. Pflanzent. iv.
Ab. 4, 149, For generic synouyms, which relate chiefly to the Old
World, see Hooker f. & Jackson, Index Kewensis, i. pt. 2, 991.

§ 1. Fruit uncinate-hispid, or granular-papillose.

% Leaves in whorls of six or eight (rarely of ten or more); the angles of the stem
as well as the midrib and margins of the leaves usually retrorsely aculeolate-
hispid, less frequently smoothish, or rarely (in G. triflorum) somewhat hirsute.

+ Stems smoothish, or rarely somewhat hirsute-pubescent.

G. TRIFLORUM, Michx. Herbaceous: stems more or less pubescent:
leaves ellipticlanceolate to narrowly oblong-lanceolate, cuspidate-acumi-
nate, 1.5 to 4 or rarely 8 cm. long, 5 to 10 or rarely 15 mm. broad,
usually covered on the upper surface near the margin with subappressed
hispidalous hairs, often slightly hispid on the midrib, otherwise glabrous :
inflorescence cymose, terminal, usually 3-flowered. — FL. i. 80; Willd.
Hort. Berol. t. 66; DC. Prodr. iv. 601; Torr. & Gray, FL ii. 23;
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Gray, Syn. FL. N. A. i. pt. 2, 839 ; Wiegaud, Bull. Torr. Club, xxiv. 403.
— Common in moist shady places; Southern Greenland and Alaska to
the Gulf of Mexico.

This species is doubtfully attributed to Mexico by Hemsley, Biol. Cent.-
Am, Bot. ii. 66, but no Mexican specimens have been seen by the writer.
+— + Angles of the stem as well as the margins and midrib of the leaves retrorsely

aculeolate-hispid.
++ Fruit granular-papillose.

1. G. asperrimum, Gray. Stems ascending, 3 to 6 dm. high,
diffusely branched: leaves usually in whorls of six, oblanceolate, 1 to 2
cm. long, 3 to 6 mm. broad, glabrous except on the margins and midvein
beueath : inflorescence cymose-paniculate, cymes dichotomously or trichot-
omously branching: flowers whitish: fruit about 2 mm. in diameter. —
Pl Fendl. 60, in Brew. & Wats. Bot. Calif. i. 284, & Syn. FL. N. A,
i. pt. 2, 39; Wats. Bot. King Exp. 134; Rothrock in Wheeler, Rep.
vi. 138. — New Mexico, Fendler, no. 239 ; Sonora, Wright, no. 114;
Chihuahua, hills west of the city of Chihuahna, Pringle, no. 538 ; also by
the same collector on cool talus of cliffs, on neighboring mountains, no.
740; southwestern Chihuahua, August to November, 1885, Pulmer,
no. 414.

+ ++ Fruit more or less distinctly uncinate-hispid.

2. G. aparine, L. Stems 2 to 10 dm. or more long, somewhat
recliving ; nodes 2 to 10 cm. distant: leaves oblanceolate or oblanceolate-
linear, 1 to 4 cm. long, 2 to 6 mm. broad, cuspidate-acuminate, usually
hirsute-pubescent on the upper surface: flowers 1 to 3 in the upper
axils, or terminating the lateral branches in 2-3-flowered cymes;
corolla small, whitish: fruit 2 to 5 mm. in breadth. — Spec. i. 108;
Reichenb. Ie. Fl. Germ. xvii. t. 1197; Gray, Syn. FL. N. A. i pt. 2,
36.— Sonora, Thurber, no. 437; Lower California, Guadalupe Island,
Pabmer, nos. 35, 850, All Saints’ Bay, April, 1882, Miss F. E. Fish. —
To the var. Vuillantii, Koch, Fl. Germ. ed. 1, 330 (Vaill. Par. t. 4,
f. 4), some of the specimens above cited may be equally well referred.
The variety differs only in being more slender, but as direct transitions
occur mo satisfactory distinctions can be drawn separating the variety
from the species.

3. G. mexicanum, HBK. Stems ascending, much branched,
strongly aculeolate-hispid on the angles, hirsute-pubescent at the nodes:
leaves usually in sixes or eights, sometimes in whorls of ten or more, 8 to
20 mm. long, 1 to 3 mm. broad, margin revolute, apex strongly cuspi-
date-acuminate, wsually smooth and shining above, rarely somewhat



