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DETECTION OF SUBMARINES.

By HARVEY C. HAYES, Pa.Ik =

(Read April 26, 1019.)
OUTLINE
1. Introduction :
Research and development work carried out by two groups of scien-
tists, one group backed by private companies, the other by the U, S.
Navy.
2. Twao general methods for detecting the presence of a body:
a. Through energy radiated from the hnﬁr,
b, The presence of a field of force surrounding the body.
3. Both methods applicable to case of moving subnfarine,
4. First method most effective (radiated energy being sound), second method
weak, due to limited range (field of force being magnetic).
5. Sound (physical characteristics).
f. Resonance and pressure type submarine receivers.
7. Types of submarine receivers: Al g
. @ Acogstic. Hat
k. Microphonic. ' :
¢. Magnetophone.
d. Electrostatic Condenser.
8 Requirements for a perfect submarine detector,
g. Methods for determining direction:
a. Maximum-minimum principle.
b. Binaural principle.
10. Types of submarine detectors developed by :
* g. England—Mark [, Mark II, Mark I and Mark II, Nash Fish and
Ryan Fish,
i. France—Perrin Shielded Hucmphnnts and Walzer Plate.
¢, United States—
I. Submarine Signal Cnmpany.
(1) Tuned Microphone.
(2) Oscillators
I1. General Electric Company.
{1) C-Tube.
(2) Three-Spot Devices:
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2 HAYES—DETECTION OF SUEMARINES.

(a} Drifting—K-Tube,
() Towing—0S, OV, and OK Tubes,
(c} On Board—X, Y, and De'ta Tubes.
I11. U. 5. Naval Experimental Station—Multi-Unit Devices.
(1) M-B Tube.
{2) Double M-F Tube.
(3) Acoustical M-V Tube.
{4) Electrical M-V Tube.
(g) Towing—U-3 Tube,
(b} On Board—M-V-62.
11. Results accomplished by hydrophone installations during war.
12, Possibilities of these instruments in times of peace.

INTRODUCTION.

The development of submarine detectors in this country started
shortly after the United States entered the war. In April, 1917,
the Submarine Signal Company, General Electric Company, and the
Western Electric Company combined for the study of submarine
detector apparatus and started a station at Nahant, Massachusetts.
A foreign commission from France and Great Britain visited the
United States in June, 1917, and laid before those most interested
all the knowledge of submarine detection at that time in the hands
of the French and the British. As a result of this visit, the United
States Naval Experimental Station was started at Ne_:w London,
Connecticut, under the control of the United States Navy, and sev-
eral physicists and engineers from different parts of the country
were called together to carry on the research and development work
at this station under the direction of the Special Board on Anti-
Submarine Devices.

In the following paper no attempt has been made to give credit
to individuals, but the developments brought about at the Naval Ex-
perimental Station and at the Nahant Station have been carefully
stated in the hopes that proper credit may be given to each group of
experimenters and in order that the excellent results accomplished
by the United States Navy in this comparatively new field may be
made known to the public.

Generar METHODS.

The presence of a body beyond our reach can be detected by in-
tercepting some form of energy radiating from the body or through
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the presence of some field of force surrounding the body. The first
method promises detection at a greater range than the second since
the intensity of radiant energy varies as the inverse square of the
distance from the source while the strength of a field of force sur-
rounding a polarized body varies as the inverse cube of the distance.

Both methods are applicable to the case of a moving submarine.
The steel shell of the submarine must be surrounded by a magnetic
field, due to polarization induced by the earth’s magnetic field and
also due to such permanent polarization as it may have taken on dur-
ing construction. Also a certain amount of sound must radiate from
the motors and propellers and other moving parts of the submarine.

MacxeTic METHODS UNsaTisFacTory Because oF LiMiten
RANGE.

The intensity of polarization which a submarine takes on through
the action of the earth’s magnetic field can be predicted with some
accuracy and, as a result, the range at which it can be detected by
magnetic methods foretold. Both theory and practice show this
range to be about 24 the length of the submarine. This range, which
is too slight to be helpful in searching or avoiding an operating sub-
marine, is hardly sufficient for detecting any but the largest sub-
marine when lying at rest on the bottom at maximum depth. No
satisfactory method for determining the presence of a submarine
lying at rest at considerable depth, say from 100 to 150 feet, has yet
been perfected, but one or two promising methods are in the process
of development.

Sounn MerTaops ProumMisE GREATER RANGE.

Water is an excellent medium for transmitting sound. TIts homo-
geneity and low viscosity makes the dissipation due to reflection, re-
fraction, and transformation into heat comparatively slight.

The relation between intensity and distance is more favorable
than that given by the inverse square law, because of the fact that

. the surface and bottom reflect the sounds and tend to keep them
within two dimensional motion, much as the speaking tube confines
sound to motion of one dimension. Because of this fact, sounds can
be heard farther than they could if they were not confined.
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A submarine sound having an amplitude of 4, inches is near
the limit of audibility. This represents a movement of the particles
of the medium through a distance less than 14, the diameter of the
smallest atom.

The fact that water transmits sound energy with slight loss and
that the relation between intensity and distance is more favorable
than the inverse square law makes it appear reasonable that sounds
can be heard at great distances in water if the energy of sound waves

of such minute amplitude can be efficiently collected and brought to
the ear.

GENERAL NATURE OF SouND.

Sound is a longitudinal wave motion having some vibrating body
as a source. It travels through any material medium with a definite
velocity depending upon the physical properties of the medium. The
ratio of the velocity of sound in air to the velocity in water at a tem-
perature of 60 degrees Fahr. is about *374.

A sustained sound or tone has three physical characteristics:
loudness, pitch and quality. Loudness or intensity depends upon
the amplitude, (the distance the particles of the medium vibrate
back and forth) ; pitch, the highness or lowness of the tone, depends
upon the frequency or number of waves which pass a fixed point per
second ; quality depends upon the number and intensity of overtones
or harmonics present in the sound. It is the quality of a sound that
enables a listener to name the instrument upon whin;h it i4 produced.

A sound which varies from moment to moment, as it does when
produced by an engine or rotating propeller on a boat, has other
characteristics, the most important of which is rhythm. Rhythm is
more or less a characteristic of each type of boat. A trained listener
can detect the faint rhythm of a distant boat through a mass of
louder confusing noises and can tell the type of boat and judge its
speed by the character and the period of the rhythm.

The general laws of reflection, refraction, and interference of
light hold for sound, but there are certain practical differences be-
cause the wave-length of sound is much greater than the wave-
length of light. As a result of this greater wave-length, sound has 2
greater tendency than light to bend around the edges of obstacles
and not travel in straight lines. It results also from this that mir-
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rors or lenses for altering the direction of sound must be very large,
so large indeed that their use is impractical.

MetrHoDs For COLLECTING SUBMARINE Souxp ENERGY.

There are two methods by which submarine sound energy can
be efficiently brought to the ears. The first method makes use of
the principle of resonance, the second method makes use of the dif-
ference in hydrostatic pressure between the dense and rare portions
of a sound wave.

A tuned diaphragm in water can be thrown into violent agitation
by a comparatively faint sound source if the frequency of the sound
wave is the same as the natural period of the diaphragm. Caleula-
tion shows that in this way the diaphragm can be given an amplitude
of vibration about 1,000 times the natural amplitude of the sound
waves. And since the intensity of the sound from the diaphragm is
proportional to the square of the amplitude this would result in mul-
tiplying the sound intensity given out by the diaphragm by some-
thing like one million. The Germans have made use of this prin-
ciple i the listening gear installed on U-boats as also have the
British in much of their earlier work.

A sound receiver operating on this prinéiple can detect a sub-
marine at a great distance providing the submarine gives out sound
of the same frequency to which the receiver is tuned and also pro-
viding there are no other sound sources in the neighborhood giving
out this same pitch.

An analysis of the sound emitted by a submarine shows a contin-
uous sound spectrum throughout the range of the audible. No char-
acteristic frequency is emitted. There is every reason to believe this
is also true for all surface craft having a metallic hull and it follows
that no distinct advantage is to be gained by using highly sensitive
resonant receivers since the undesirable sounds, which are always
more or less present, are intensified in the same proportion as the
sound which it is desired to locate. Sensitivir;,r alone, beyond a cer-
tain point ,is of no advantage and may prove to be a disadvantage.

The resonant receiver has two serious weaknesses. First, it only
responds to sounds of one frequency, the natural frequency of its
diaphragm. As a result all boats sound alike, The quality of their

-
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sound is lost and, as has been stated, it is the quality of a sound
that enables the listener to name the instrument on which it is pro-
duced. Secondly, resonant receivers do not faithfully reproduce
phase and therefore are not well suited for use with devices operat-
ing on the binaural principle or which employ multiple receivers.

In this country emphasis has been laid on the development of
non-resonant receivers. Such receivers are of the pressure type and
though they are not so sensitive as the resonant type, and as a result
can not give as great range when entirely free from disturbing
noises, ver they do give a faithful reproduction of the sound thus
making it possible for a trained listener to distinguish a submarine
from other boats or water noises or noise from his own engines by
the quality of the sound. Such receivers are suitable for use in bi-
naural and multiple unit devices.

These receivers consist of a flexible chamber or a rigid chamber
carrying a flexible diaphragm, preferably rubber. Since the volume
of the receiver changes readily under variation of hydrostatic pres-
sure, the water in the neighborhood of the receiver will be subject to
less or greater pressure than at other points in the wave front, de-
pending upon whether the volume change in the receiver is positive
or negative. In order o establish pressure equilibrium the particles
of the highly incompressible medium will be forced toward or from
the receiver for a considerable distance beyond its surface. The re-
ceiver therefore absorbs the sound energy from a comparatively
large volume of water which fact accounts for its rather high
sensitivity.

TyrEs oF SUBMARINE RECEIVERS.

Five types of submarine receivers have thus far been developed.
Plate I shows the principle of each of these five types.

The Acoustic Receiver consists of a flexible chamber connected
through a tube to the ear. The walls of the chamber are made of
rubber or thin metal.

The Geophone consists of two metallic plates between which is
compressed a flexible rubber ring. The upper plate is made massive
to give it inertia while the lower one is made lighter in order that its
inertia may not seriously interfere with its motion. The intervening
air space connects by tube through the inert plate to the ear. Such
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receiver when attached to the inside of the skin of a boat well below
the water line is fairly sensitive to submarine sounds. The ordinary
stethoscope is an example of the geophone.

e AT
éz e

//#//// e

e £ Augnrremacor

Prate . Types of submarine receivers.

The Microphone consists of two polished graphite plates placed
parallel to one another and separated about {4 of an inch., The
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intervening space is partially filled with fine carbon granules. One
plate is attached 10 a diaphragm which allows it to move back and
forth along a line perpendicular to its surface, thus compressing and
releasing the carbon granules. The cylindrical surface enclosing the
space between the graphite electrodes must be made a non-conductor.

In operation the movable plate is rigidly attached to the inside of
a diaphragm enclosing a water-tight space. Twao electrical leads pass
into the chamber through a water-tight stuffing-box and connect to
the two plates respectively. The motion of the diaphragm produced
by the sound waves causes corresponding changes in the pressure
between the carbon granules, since the inertia of the body of the
microphone is sufficient to prevent it from responding to the very
rapid sound vibrations of the diaphragm. The electrical resistance
through the microphone varies with the pressure between the car-
bon granules and therefore causes fluctuations in the electric cur-
rent when a battery is connected across the microphone leads. These
current fluctuations can be passed through a telephone and con-
verted into sound at the listener’s ear. In practice the telephone
connection is made through a coupled circuit. Three types of
coupled circuits which have been successfully used are shown in
Plate IX.

The Magnetphone contains a movable coil of wire rigidly at-
tached to the inside of a diaphragm enclosing a water-tight space.
The leads from this coil pass from the chamber through a water-
tight stuffing-box. The movable coil is placed in a radial magnetic
field furnished by either a permanent or an electro-magnet. The
vibration of the diaphragm causes the coil to cut across the lines of
force, thereby generating electromotive forces which set up fluctu-
ating currents through the coil when electric connection is made be-
tween the coil leads. These fluctuating currents can be passed
through a telephone receiver and converted into sound at the lis-
tener's ear.

The Electrostatic Condenser Detector consists of a flat strip of
metal, preferably aluminum, surrounded by a thin film of celluloid
and this in turn surrounded by a layer of tin-foil. The whole is en-
cased in rubber tubing, the ends of which are vulcanized so as to
make the condenser water-proof. One rubber insulated electric lead
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passes in through the rubber housing and attaches to the aluminum
strip and a second lead in a similar way is attached to the tin-foil.
These rubber-covered electric leads are both vulcanized to the
rubber condenser-housing so as to give water-tight joints. The elec-
tric charge held by the condenser, when a battery is connected to the
two leads, depends, among other things on the separation between
the tin-foil and the aluminum strip. The variation in hydrostatic
pressure in a submarine, sound-wave causes this distance to vary
slightly when the condenser is placed in the water, thereby pro-
ducing slight current fluctuations through the battery and leads.
These current fluctuations can be carried through a telephone re-
ceiver and converted into sound at the listener’s ear.

The magnetophone and the electrostatic condenser give a more
faithful reproduction of the sound than does the microphone, but
they have the disadvantage of requiring an amplifier to increase
their sensitivity. As a result only two types of receivers have been
generally used—the microphone and the acoustic receivers.

REQUIREMENTS oF A SUBMARINE DETECTOR.

The requirements of a listening apparatus which embodies all
that is desired may be stated as follows: It must be able to detect a
submarine at considerable distance without interference from noise
produced by other shipping, or by wave noise, or by noise produced
by the boat upon which it is installed. It should be able to give the
distance and direction of the submarine accurately. It should be sea-
worthy, of robust mechanical construction, convenient and rapid of
operation.

No instrument has been devised that satisfies all of these re-
quirements. In fact no single instrument can give the distance of
the submarine. The other requirements have been fairly satis-
factorily met. These instruments are being continually improved,
but even in their present state they give results far beyond what was
considered probable or even possible at the time the developmental
work was first started. '

DeTerMINATION OF DIRECTION,

Maximum and Minimum.—A submarine receiver can be made
more sensitive to sound coming from certain directions with respect
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to the orientation of the receiver than from other directions by
means of screening, etc. By rotating such a receiver about a ver-
tical axis, the direction of a sound source can be roughly determined
by judging the position of the receiver for maximum or minimum
sound intensity. Such a receiver is shown in principle in Fig. 1,
Plate II. The receiver, represented by the small circle, is placed
within a heavy lead cone. The English have utilized this principle
in all of their listening devices.

Binaural Principle—FExperiment proves that the direction of a
sound can not be judged with any degree of accuracy by one ear
alone, unless the pitch of the sound is fairly high (above 800 or
1000), but by using both ears the listener can locate the direction
with considerable accuracy for any pitch within the range of the
audible and the accuracy proves to be greatest when the direction
of the sound is about normal to a line joining the two ears.

Suppose the sound source is to the right of the listener. The
sound received by the left ear will differ in two respects from that
received by the right ear. First, the left ear receives the sound later
than does the right ear and secondly, the intensity of the sound is
somewhat less in the left ear because of the sound shadow cast by
the head. The difference of intensity in the two ears is very slight
for sounds of low frequency but becomes greater as the pitch is
raised, due to the fact that the dimensions of the head are such that
it only serves as an efficient screen for sounds of short wave-length.
A single ear therefore becomes a screened receiver for high pitch
sounds. The determination of direction, when both ears are used,
depends largely on the difference in the time between reception at
the two ears. This is especially true for sounds of low frequency,
although the fact that intensity is slightly different at the two ears
may also be of some help. Whenever a sound reaches the two ears
at the same time, it appears to come from a direction perpendicular
to the line joining the ears and the listener judges the sound to be
somewhere in the plane which is the perpendicular bisector of this
line. If the sound source is to the right of this plane, the sound
reaches the right ear first and the listener judges the sound to come
from this direction. Sound is judged as coming from the right or
left, depending whether it reaches the right or left ear first re-
spectively. :
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It is evident that the difference in time of reception at the two
ears varies most rapidly, as the head is turned from a direction nor-
mal to a line joining the two ears and for this reason the listener can
judge this direction with greatest accuracy.

This so-called “ binaural principle " for determining the direction
of sound is not new. It has been used for determining the direction
of sounds in air, and was early recognized and tested by the British
for determining the direction of sounds in water. These tests were
unsatisfactory mostly for the reason that the apparatus was not
properly designed. All the listening devices developed in this coun-
try make use of this principle for determining direction.

The direction of a submarine sound can be readily determined if
two like receivers (one connected to each ear of the listener) are
attached to a horizontal arm which can be rotated about a vertical
axis. In general, sound will not strike both receivers simultaneously
and as a result the impulses will not reach the listener’s ears at the
same instant. Suppose the sound impulse reaches the listener’s right
ear first, then the sound will appear to come from the right in ac-
cordance with the binaural sense, and if the path by which the sound
travels from the submarine receiver to the ear is the same for both
receivers, it must follow that the direction of the sound source is
along a perpendicular to the arm carrying the two receivers when
this arm is so oriented that the impulses reach the two ears in phase.

A consideration of Fig. 2, Plate II., shows that the sound would
appear to be centered, were it coming from the direction given by
cither of the arrows 1 or 2. This ambiguity in direction of 180
degrees can be removed by rotating the two receivers from the posi-
tion marked L and R to the position marked L’ and R". Let us sup-
pose that the receiver marked R attaches to the right ear and the one
lettered L attaches to the left ear. With the receivers in this second
position, if the sound comes from the direction given by arrow 1, it
would appear to the listener to come from his right since it would
reach the right ear first. If, however, the sound should come from
the direction marked by arrow 2, it would appear to the listener to
come from his left since it would reach his left ear first. The am-
biguity in direction can therefore be removed by rotating the re-
ceivers somewhat from the position in which the sound appears to be
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centered and noting whether this shifts the*apparent direction to the
right or to the left.

The rule which is generally followed in determining the direc-
tion of a sound by a rotating device operating on the binaural prin-
ciple is as follows: If the sound appears to come from the right,
rotate the receivers in a clockwise direction until the sound appears

4

b \5\‘,‘/«
[

e L ’f’#‘i:e
- A | O S

Surinah TECLIER. ®

A 2R RS

| 2

Fa.x Fia ar.
Prate 11. Methods for determining direction.

to be centered. If the sound appears to come from the left, rotate
the receivers in an anti-clockwise direction until the sound appears
to be centered.

A consideration of Fig. 3, Plate 11, shows that this rule is gen-
eral. Suppose the sound is coming from the direction of arrow 1,
it evidently strikes the right receiver first and would appear to the
listener to come from his right. Rotating the receivers in a clock-
wise direction will at first increase the length of time between the
arrival of the sound at the two ears but a continuation of the rota-
tion will decrease this time difference in arrival until finally when
sound appears binaurally centered the small arrow at the center of
the line joining the two receivers will point in the direction of the
sound. If the sound comes from the direction represented by arrow
2, it is evident that a clockwise rotation would be employed and
when the sound is binaurally centered the arrow will point its direc-
tion. In case the sound is coming from the direction represented by
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gither arrow 3 or arrow 4 it reaches the left ear first and will there-
fore appear to the listener to come from his left. It is readily seen
from the diagram that a rotation of the receivers in an anti-clock-
wise direction will make the sound appear binaurally centered when
the small arrow at the center of the line of receivers points in the
direction of these sounds respectively.

In order to make this rule effective, the importance of attaching
the proper receiver to the proper ear is obvious.

A device that depends upon rotation for determining direction
has two distinct disadvantages: first, it cannot be operated when the
boat is running and second, it must be lowered before taking a
bearing and hoisted before the boat can again get under way, thus
causing considerable labor and loss of time. This defect was early
recognized and overcome by the workers at the Naval Experimental
Station who developed a method whereby the binaural principle for
determining direction could be employed without the inconvenience
of rotating the two receivers. This development opened up a wide
field for research which has resulted in the most serviceable types
of submarine detectors.

The Principle of Binaural Compensation is readily understood
by referring to Fig. 1, Plate III. Suppose the two receivers R and
L are connected to the right and left ear respectively and sound
comes from the direction indicated by arrow 1. This sound reaches
R first and as a result appears to the listener to be located on his
right. 1f the tube leading to the right ear is lengthened by an
amount equal to 23{q the distance from R to C, the impulses from
receiver R will be delayed so that the impulses from both receivers
reach their respective ears simultaneously and the sound will appear
to the listener to be binaurally centered. The same result could
obviously be accomplished by shortening the sound path to the left
ear or by lengthening the path from K half the amount and at the
same time shortening the path L by the same amount, the only re-
quirement for binaural centering being that the path difference be
made equal to 2%, of the distance R to C (*3{go being the ratio of
the velocity of sound in air to the velocity in water).

The path difference between the two receivers is directly de-
pendent on the angular separation between the line of the receivers
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and the direction of the sound. This relation between the path dif-
ference and the direction of the sound is readily seen to be:

d=0.23 a sin #,

where d represents the path difference in air, a the distance between
the two receivers, and @ the angle the sound makes with the line
joining the two receivers.

Since this definite relation exists between path difference and

c
- 2 a ~
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Prate I11. Principle of binaural compensation,

the direction of the sound, a device for varying the air paths can be
introduced and calibrated directly in terms of angle.

Two weaknesses in this method for determining direction are
apparent. First, if the angle approaches zero or 180 degrees a large
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variation in angle requires but slight change in air path and as a
result a very slight error in determining the difference d in air path |
lengths will result in a large error in determining the angle. Sec-
ondly, the direction so determined will be ambiguous.

Fig. 1 shows that the time difference between the reception of
the sound at receivers K and L will, from conditions of symmetry,
be the same whether the sound comes from the direction indicated
by arrow 1 or that indicated by arrow 2. It is, then, impossible to
tell from the value of d whether the sound comes from the direction
of # or from the direction 2=—4.

Both of these weaknesses are readily overcome, as will be seen
by a consideration of Fig. 2, Plate IIl. Suppose the line connecting
the two receivers R and L is perpendicular to the direction from
which @ is measured and suppose the sound is proceeding from the
same angle 6 that is represented by arrow 1 in Fig. 1. The time dii-
ference between the reception of the sound at the two receivers R
and L is represented by the water path R—C, Fig. 2. But sound pro-
ceeding from the direction represented by arrow 2, would, from con-
ditions of symmetry, give a time interval between reception at the
two receivers represented by the same length of water path. It
will be impossible then to tell from the value of d whether the sound
comes from the direction # or =8.

The direction of the sound as determined by two receivers ori-
ented as in Fig. 1 is determined as being either 8 or 2=—8 whild
the direction as determined from a pair of receivers oriented as in
Fig. 2 is determined as # or =#. It must follow that the angle
common to the two determinations, viz., 8, gives the true direction
and thus the ambiguity is removed. Moreover, it is to be noticed
that the angular range within which the determination of direction
is subject to most error when the two receivers are oriented as in
Fig. 1 is the region wherein direction is determined with greatest
accuracy when the receivers are oriented as in Fig. 2. It therefore
becomes possible to determine direction accurately at all angles pro-
vided that reliance is placed on the proper pair of receivers.

The line connecting the second pair of receivers need not neces-
sarily be at right angles to that connecting the first pair, and the
second pair of receivers may utilize one receiver of the first pair.
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The minimum number of receivers is three. All of the listening de-
vices developed at the Nahant Station except the C-Tube, make use
of three receivers located at the vertices of an equilateral or isosceles
triangle. Such a device is often called a * 3-Spot.” Devices of this
character developed at the Naval Experimental Station employ four
detectors located at the four corners of a square. Such devices are
commonly named “4-Spots.” The *“4-Spot” can still be operated

Prate IV. Diagram of double-groove compensator.

if any one receiver becomes damaged but the * 3-Spot " becomes use-
less under such conditions,

An instrument called a compensator has been developed by which
the path difference between the two receivers and the ears can be
varied. Compensators are made in various forms for different spe-
cial purposes. Plate IV. shows the principle of one of the simplest
forms. It consists of an upper brass casting with grooves as shown
by the full lines. This casting seats on a lower brass plate upon
which it can be rotated about a central pivot (o). The lower plate
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carries two projecting blocks carefully formed to give a sliding fit in
the grooves of the upper plate. The lower plate is perforated by
four holes, numbered 1, 2, 3, and 4 in the figure, which open respec-
tively. through the ends of the two blocks B and C. Thus two con-

Prate 1V, a. Deouble-groove binaural compensator,

tinuous air-paths traverse the compensator, one connecting from 1 to
3 through that part of the groove marked R and the other connecting
from 2 to 4 through the other part of the groove marked L. By
rotating the top plate the difference in the length of the two air-paths
can be varied at will up to the capacity of the compensator.

PROC. AMER. PHIL. SOC., VOL. LIX, &, MAR. 19, 1920,
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In operation each path through the compensator is connected in
series with one of the two paths leading from the receivers to the
ears, care being taken that the path lengths outside of the compen-
sator are equal. Any sound striking the two receivers can be bi-
naturally centered by turning the compensator to a position such that
the impulses from the two receivers reach the ears simultaneously.
The high development of the binaural sense may be appreciated from
the fact that an untrained listener can make a compensator setting
accurate to within 10* seconds while a trained listener can do better
than 5 < 107® seconds.

The compensator is provided with a special switching device by
which different pairs of receivers can readily be connected through
the compensator. The movable plate of the compensator carries
four scales arranged in pairs, each pair referring to a definite set of
receivers. The scales are arranged in pairs because of the ambiguity
in direction at each setting of the compensator. The direction of a
sound source is determined by making a binaural setting on one pair
of receivers and noting the two angles on the double scale belonging
to this set of receivers. Then throw the switch so as to connect in
the second set of receivers and make a second binaural setting and
note the two angles given by the double scale which refers to this
second set of receivers. The common angle on the two settings gives
the direction. Due to errors in setting the common angle will in gen-
eral not give perfect agreement, and the angle is taken from the scale
least subject to errors for the angle in question. In Plate IV. g,
Figs. 1 and 2 show the Type T compensator assembled and dissem-
bled respectively.

SuemariNe Derectors DEVELOPED 1N ENGLAND.

The principle of the English listening devices is shown in Plate
V. The Mark 1. consists of a tuned diaphragm mounted within a
somewhat massive ring carrying a microphone within a small rigid
watertight housing at the center of the diaphragm. One side of the
diaphragm is screened by a heavy plate. This receiver is highly
resonant and is most sensitive to sounds coming from the side oppo-
site to the screen. The receiver is rotated in the water and the direc-
tion is determined by the maximum-minimum principle, and since
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neither the maximum nor minimum is well defined it is impossible to
determine direction with any degree of accuracy.

The Mark II. receiver is very similar to the Mark 1. except that
it carries no sound screen. It is equally sensitive to sounds striking

Prate V. Principle of English listening devices.

either side of the diaphragm. Thus there are two positions for the
receiver where the sound intensity will be at a maximum and neither
of these positions is sharply defined. A sound proceeding in a
direction parallel to the diaphragm affects the two sides equally and
in opposite sense so there is no motion of the diaphragm and the in-
tensity of the received sound is practically zero. This minimum
position is very sharply defined and will determine the direction of a
sound with high accuracy except for an ambiguity of 180 degrees.
In the Nash Fish and certain submarine installations both the
Mark I. and the Mark II. are used, the line of direction being de-
termined by the minimum setting on the Mark II. and the ambiguity
being removed by the Mark I. These installations, especially the
Nash Fish, are complicated due to the fact that remote control
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motors are required to rotate the receivers. They are also subject
to the defects which are inherent in resonance receivers, viz., their
sound response is deveid of aquality and their operation is strongly
interfered with by local noises and noises from neighboring shipping.

SusMaArINE DETECcTORS DEVELOPED BY THE FRENCH.

Two types of submarine detectors have been developed by the
French—the * Perrin Microphone " and “ The Walser Plate.” The

Py g
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Perrin Microphone, see Fig. 1, Plate 11, consists of a sensitive micro-
phone mounted within a massive conical-shaped shield. Like the
Mark L. it determines direction by the maximum-minimum principle
and 15 not capable of giving accurate bearings for the reason that
neither the maximum nor minimum is well defined.

Some idea of the construction and operation of the Walser Plate
detector can be gained from Plate VI. The plate proper forms a
portion of the ship's skin. The surface is convex outward, the cur-
vature being such that a sound wave passing from the water through
the plate is brought to a focus within the boat. The plate is per-
forated with numerous holes, each of which is closed by a thin metal
diaphragm, in order that the sound may pass more freely. One such
plate is installed on each side of the boat.

Each plate really serves as a sound lens and the dtrer:tmn of the
sound source is determined from the position of the sound focus
within the ship. The position of this focus is located by means of a
movable trumpet which connects with the listener’s ears. The frame-
work upon which the trumpet arm is pivoted is suspended fore and
aft on gimbals and counterbalanced so that the trumpet remains in
the same horizontal plane that contains the focus.

In many respects the Walser Plate is a superior device. Due to
its focusing effect the disturbance from local and other undesirable
sounds is greatly reduced while desirable sounds are concentrated
and intensified. The device can be operated while moving at con-
siderable speed and good results both as regards range and bearing
are claimed. It has, however, the double disadvantage that it is ex-
pensive and difficult to install. In fact its dimensions are such that
it cannot be installed on many types of boats.

SuBMARINE DETECTORS DEVELOPED IN THE UUNITED STATES.

Plate VII. shows the principle of two types of submarine sound
detectors which were developed by the Submarine Signal Company
for locating submarine bell signals installed on light-ships. Each of
the small tanks attached to the ship’s skin carries a microphone re-
ceiver tuned to the submarine bells. These microphones each con-
nect with a single telephone receiver on the ship's bridge. These
tanks are filled with oil or water. By comparing the intensity of a
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sound as received in the two phones its source can be located as to
port or starboard. By swinging the boat until the intensity is the
same in both phones the direction of the sound can be somewhat ac-
curately located as dead ahead,

e

Prate VII. Hydrophone installation of Submarine Signal Company.

The second installation consists of four Fessenden oscillators
placed one in each of the four quadrants of a large tank within the
ship. Each quadrant is separated from the others by a sound-screen.
By comparing the intensity of sound as received on each of the four
oscillators the direction of the sound source can be located to within
go degrees,

Detector installations were early developed at both the Naval
Experimental and the Nahant Stations that were superior both as to
range and bearing accuracy and the above named devices were aban-
doned.

Two types of detectors have been developed at the Nahant Sta-
tion—the “C-Tube " and the “ 3-Spot.” One type, the C-Tube, has
been partially explained. Tt consists of two rubber acoustic receivers
spaced about four feet apart on a horizontal arm which can be
rotated about a vertical axis. Each receiver connects to one ear re-
spectively through metal tubes ending in stethoscope leads. The
direction of a sound is determined by the binaural principle in a
manner that has been described.

The C-Tube is a superior detector device. It is capable of giv-
ing good range and accurate angular bearings, but its operation is
seriously interfered with by local noises and noises from neighboring
shipping and it cannot he operated while the boat is moving. More-
over, it must be lowered before taking a bearing and must be raised
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before the boat can get under way. Plate VIIIL. a shows one form
of the C-Tube developed at Nahant. (See page 30.)

The * 3-Spot™ detector operates on the principle of binaural
compensation and was developed soon after this principle was estab-
lished at the Naval Experimental Station. An improved type of
microphonic submarine receiver called a “ rat™ was developed which
proved highly sensitive, non-resonant, and durable. The construc-
tion is shown in Plate VIII. 5. The microphone is carried by a rubber
diaphragm which encloses a water-tight space housing the micro-

Prate VIII. b. The microphone housing or “ rat,” developed by the General
Electric Company for “ 3-Spot™ detectors.

phone. The leads to the microphone pass through a water-tight
stuffing-box at the end of the eylindrical shaped chamber opposite to
the diaphragm. Three of these receivers are fixed in position at the
vertices of an equilateral triangle four feet on a side. One lead
from each microphone attaches to a common lead into which a bat-
tery is connected in series. The other three leads, one from each re-
ceiver, pass through small inductance coils and thence to the com-
mon. A special type of telephone receiver connected in series with
a condenser is shunted across the inductance. This wiring scheme
is shown in Fig. 1, Plate IX. Figs. 2 and 3 show other schemes used
for connecting in the telephone which are employed in devices de-
veloped at the Naval Experimental Station.

The two telephone receivers are attached respectively to the two
inlets to the compensator so that the sound is required to pass
through the compensator and the stethoscope leads before reaching
the ears.

A neatly designed switch arrangement makes it possible to con-
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nect either one of the three pairs of microphone receivers to the two
telephone receivers so that not only can the ambiguity in direction be
removed, but a pair of receivers favorably oriented for accurate de-
termination of direction can be used.
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Prate IX. Types of micmplrhﬂne circuit.

This triangular arrangement has been mounted in several dii-
ferent ways to meet special conditions. When the three “ rats " are
mounted on a light frame suspended from a float for use as a drifter
set it is termed a “ K-Tube " ; when mounted on a streamline frame
attached to the deck or keel of a submarine it is called a Y-Tube:
when mounted suitably for suspending beneath a light-ship it is
termed an “ X-Tube ”; when mounted within a tank inside the ship’s
skin it is termed a * Delta-Tube ”; and when arranged for towing
behind a moving boat it is called an * OS-Tube,” or an * OV-Tube,”
or an “ OK-Tube” depending upon its form.

The “ 3-Spot” in all its forms is an excellent listening device. It
is durable, easy to install, determines bearing with considerable ac-
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curacy, is simple and rapid in operation, and is capable of giving
long range if there are no disturbing noises present.

The chief difficulty in submarine detection by sound lies in the
fact that under normal operating conditions the detecting apparatus
is mounted in the midst of numerous sound sources such as pro-
peller and machinery noises on the listening boat, breaking of waves
and slapping of waves on the boat, noises from promiscuous ship-
ping, ete. The range at which a submarine can be detected is largely
dependent on the ratio of the intensity of the sound from the sub-
marine as compared with that from other sources. Increasing the
sensitiveness of the receivers beyond a certain limit is of no advan-
tage since the disturbing noises are magnified in the same proportion
as are the sounds from the submarine.

Under such circumstances it becomes necessary to devise an
instrument that will magnify the sound coming from a definite
direction without correspondingly magnifying sounds from other
directions.

This result can be accomplished by using sound lenses or mirrors,
an example of which is the * Walser Plate,” but because of the length
of sound waves in water their area must be so great if they are to
give a marked advantage that their use is practically prohibited. As
soon as the principle of compensation was recognized it became evi-
dent that instead of a single receiver connecting with each ear it
would be advantageous to have several receivers spaced some dis-
tance apart, provided a compensator could be devised that would
not only make it possible to binaurally center the composite sound
reaching each ear from its respective group of receivers but at the
same time would compensate the separate air paths to the individual
receivers so that the sound response from all would arrive at the lis-
tener’s ears in phase. By properly adjusting such a compensator the
response from the several receivers to sound from any particular
direction could be brought to the listener’s ears in phase and since
under these conditions the intensity of the sound will be equal to the
sum of the intensities from the several receivers the sound reception
from this particular direction will be magnified.

It is evident that for this same setting of the compensator the
response from the several receivers to sound from any other direc-
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tion will not reach the listener’s ears in phase and as a result will not
be magnified in the same proportion. Indeed, the sum total may be
less than that given by a single receiver through destructive inter-
ference.

Although several types of detectors employing a single receiver
for each ear, as in the * 3-Spot,” have been developed at the Naval
Experimental Station for special purposes such as equipping light-
ships, hydroplanes, dirigible balloons, etc., yet the major part of the
efforts of this Station have been directed toward the development of
the so-called “ multi-unit " detector devices.

Except that the “4-Spot™ arrangement of receivers has been
used throughout in preference to the “ 3-Spot” arrangement, these
special single-unit types of detectors are very similar to the “3-
Spot " type which has been described. Therefore a detailed descrip-
tion will not be given. The principle and operation of the more ef-
fective devices, those employing multiple units, follows:

The so-called “ M-B Tube” is a rotating listening device employ-
ing multiple unit receivers. The principle may be understood by
considering Plate X. In Fig. 1 let the numerals 1, 2, 3, and 4 repre-
sent four similar acoustic receivers equally spaced in a line and con-
necting through equal length tubes with the stethoscope leads R and
L at the common junction (A). Sound coming from a direction
perpendicular to the line of receivers actuates all the receivers simul-
taneously and the response from all four reaches the ears in phase.
Under such conditions the intensity of the sound heard is four times
the intensity from a single receiver.

Sound from any other direction, such as represented by arrow 2,
does not reach the receivers simultaneously and, as a result, the re-
sponses from the various receivers do not arrive at the ears in phase.
The intensity of the resulting sound will therefore be less than four
times that from a single receiver. The difference will vary for the
different components of the sound depending upon the wave-length.

Such an instrument is capable of determining direction by means
of the maximum-minimum principle except for an ambiguity of 180
degrees. If, as in Fig. 2, half of the receivers is connected to each
ear respectively, then advantage can be taken of both the maximum-
minimum and the binaural principles. The sourid response from
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each receiver of each group reaches its respective ear in phase,
thereby giving a maximum intensity for any sound traveling in a
direction perpendicular to the line of receivers, as represented by
arrow 1. Moreover, the resultant sound at the two ears will be in
phase so the listener will hear the sound binaurally centered. Sounds
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Prate X. Principles of M-B tube,

from any other direction, such as represented by arrow 2’, will not
reach the ears in phase and therefore will be weakened in intensity
in both ears. As represented, the composite sound reaching the left
ear will arrive in advance of that from the group of receivers con-
necting with the right ear. This weakened sound will therefore
not be binaurally centered but will appear to be located to the left
of the listener. Such sounds are often spoken of as being “out of
focus."”

The intensity of sounds “in focus™ is directly proportional to
the number of receivers connecting with each ear. The intensity of
sounds out of focus depends upon the length of line, the spacing of
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the receivers, the wave-length of the sound, and the angle by which
it is out of focus.

In practice an cight foot line has been used carrying sixteen re-
ceivers, eight connecting with each ear. Fig. 3 gives the scheme by
which the receivers are connected. It is to be noticed that the path
from each recciver to the ear is the same. Care is also taken to pre-
serve the cross-section of the path. The cross-sectional area of the
tube joining each ear is twice that of the branching tube into which
it terminates. ‘This branching tube has twice the cross-section of the
two branching tubes at its terminals, ete. Sound reflection within the
instrument, and hence resonance, is minimized by this means.

Like the C-Tube, the M-B Tube has the disadvantage that it must
be lowered and raised when bearings are taken, but it possesses sev-
eral advantages over the C-Tube. It is most sensitive to sound from
a direction at right angles to the tube and is, therefore, relatively
insensitive to sounds from other directions. This makes it pos-
sible to pick a particular ship out of a mass of disturbing shipping
much more readily with the M-B Tube than with the C-Tube. The
M-B Tube hears the boat at which it is pointed with much greater
intensity than other boats, whereas the C-Tube, or any detector em-
ploying a single unit to each ear, hears all boats with the same rela-
tive intensity. Furthermore, the M-B Tube is much less disturbed by
local water noise than is the C-Tube as a great part of this noise is
out of focus. The M-B Tube is only focused on noise in a plane
perpendicular to the tube at its central point.

Tt is obvious that two boats separated by 180 degrees will both
be in focus because of the bi-directional properties of the M-B Tube.

The principle of the M-F Tube is shown in Plate XI1. Suppose
(A) and (B), Fig. 1, represents two receivers spaced a unit distance
apart and that sound is proceeding in the direction from (A4) to (B),
as represented by the arrow. If the two receivers are joined by a
tube there is some point, (p), where the sound from the two re-
ceivers arrives in phase since the sound wave travels from A to B
through the water in less time than it travels from 4 to B through
the air in the tube. This point can readily be shown to be %% of
the distance from 4 to B. A branch tube leading from point (p)
will receive the impulses from both receivers in phase.
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A line of receivers connected in the manner shown in Fig. 2 is
terined an M-F Tube. Only sounds from one definite direction,
that shown by the arrow, reach the listener’s ear in phase and this
results in eliminating to a great extent all local surface noises. Such
a line of receivers arranged to rotate in a horizontal plane makes an
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Piate XI. Principle of M-F tube.

excellent maximum instrument. In practice two such lines are
mounted side by side with a horizontal separation of about four feet.
By connecting the outlet from each line of receivers to the two ears
respectively the binaural principle for determining direction can be
utilized. In Plate XI. a is shown one type of the double M-F Tube
designed for use on submarine chasers.

An instrument of this kind gives a binaural centering of sound
at the same time that it is at a maximum, precisely as does the M-B
Tube. It is at the same time much freer from water noise than the
M-B Tube because it is in focus for sound from only one direction.
The M-F Tube has no ambiguity of 180 degrees as has the M-B
Tube and the C-Tube. Because of the combination of these desirable
properties, the double M-F Tube is the best rotating hydrophone
device that we have.

The “ M-V Tube” is a listening device employing multiple re-
ceivers equally spaced in a line and mounted in a fixed position
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Prate XL . One form of Double M-F Tube. Portion of casing removed to
show receiver units.
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within a large tank inside the ship or more usually underneath a pro-
tecting blister on the outside of the ship’s skin. The line of receivers
is in all cases mounted as near parallel to the ship’s keel as conditions
will permit, one such line being mounted on each side of the ship and
directly opposite one another. The receivers in each half of the line
are grouped together, each group connecting with one ear respec-
tively, in order that the binaural principle may be employed in deter-
mining direction.

Theoretically the focusing effect is intensified by increasing the
length of line and the number of receivers, but practically the me-
chanical difficulties encountered in compensation tends to limit both
the length of line and the number of receivers. The principle of
operation of a line of twelve receivers is shown in Plate XIL.

In Fig. 2 let numerals 1, 2, and 3 represent three receivers equally
spaced and connecting to the common junction through the three
separate paths ¢, b, and ¢ respectively. Paths a and ¢ are provided
with a trombone arrangement such that their length can be varied at
will while path b has a fixed length equal to that of both ¢ and ¢
when the trombone slides are adjusted to have equal paths. The
response from the three receivers will reach the junction 4 in phase
for sound travelling in a direction perpendicular to the line of the re-
ceivers, that represented by the arrow.

Sound proceeding in a direction as represented by the arrow in
Fig. 1 does not actuate the three receivers simultaneously but in the
order 1, 2, 3. It is evident that a proper lengthening of the path a
and the same shortening of the path ¢ will bring the responses from
the three receivers in phase at the junction A. If the sound comes
from a direction as indicated in Fig. 3 the variation of the paths a
and ¢ must be in the opposite order to bring the responses from the
receivers in phase at junction 4.

Consider a line of twelve equally spaced receivers divided into
four groups of three receivers each, as shown in Fig. 4. Receivers
t and 3 connect to the junction 4 through a simple “2-Spot” com-
pensator of the type already described, while receiver 2 is connected
to A through a fixed path equal to that from both receivers 1 and 3
when the compensator is so adjusted that their path lengths are
equal. The responses from the three receivers can be brought to 4
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in phase for sound coming from any particular direction by properly
adjusting the compensator. Also a similar adjustment of each
compensator in the other three groups will bring the response from
the three receivers of each group in phase at their respective junc-
tions B, C, and D,

For convenience the four junctions 4, B, C, and D may be re-
garded as four separate receivers located at points 2, 5, 8, and 11
respectively. The responses from 4 and B can be brought together

Prate XII. Principle of M-V tube,

in phase at E by means of another * 2-Spot” compensator and sim-
larly the responses from C, and D can be brought in phase at F.
Points E and F may, for convenience, be regarded as two sepa-
rate receivers located at a point midway between 3 and 4 and be-
tween g and 10 respectively. These two receivers connect with the
ears through another compensator and the stethoscope leads L and
R, and by properly adj usting the compensator the sound can be bi-
naurally centered and the direction of the sound source determined
with an ambiguity as to port or starboard. This ambiguity is readily
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removed by comparing the intensity of the sound as given by the
port and starboard lines since the ship acts as an efficient sound
SCTEEM.

From the description it is obvious that the complete compensa-
tion of a line of twelve receivers is accomplished in three separate
stages. First, the 4 groups of the receivers are compensated by
means of four similar compensators. The maximum compensation
to be effected in this stage is, in terms of water-path, equal to the
distance between two adjacent receivers. Second, these four groups
are compensated in pairs by two similar compensators. The maxi-
mum compensation to be effected in this stage is, in terms of water-
path, equal to one and a half times the distance between two adja-
cent receivers, Third, these two groups are brought into phase to
give a binaural centering. The maximum compensation to be ef-
fected in this last stage of compensation is, in terms of water-path,
equal to three times the distance between two adjacent receivers,

Since the amount of compensation effected in the three separate
stages is in the ratio of 2: 3:6, it follows that all the compensators
will require the same angular setting if the average radius of the
grooves for the compensators of the three stages has this same ratio
respectively. Under such conditions the seven compensators can be
geared together so that a rotation of the binaural compensator by
the operator will produce the same angular motion in all, and when
a sound is binaurally centered all the compensators are so adjusted
that the intensity of the sound is a maximum. The compensation,
which as described requires seven separate compensators, is all ac-
complished by a single compensator known as the “Type H,” the
principle of which is shown in Plate XIIL

The four groups of three receivers each connect through the bot-
tom plate of the compensator to the points represented by numerals
1 --- 12. The path from receiver 1 includes the groove from 1
through s and back to 4 in the movable upper plate of the compen-
sator while the path from receiver 3 includes the groove 3-T-A.
Receiver (2) connects directly to point 2 on the compensator plate
through a path length equal to that of receivers 1 and 3 when each
groove path is the same. The other three groups of three receivers
are similarly connected to the grooves of the other three quadrants.

PROC. AMER. PHIL. 50C., VOL, LIX, C, MAR. 20, 1920,
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Sound from receivers I, 2, and 3 can be brought into phase at A
by rotating the groove to a proper position with respect to the fixed
openings 1, 2, and 3. At the same time the three receivers of each of
the other three groups will be brought into phase at the points B, C,
and D respectively.
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Prate XIII. Principle of Type-H compensator.

Sound from points A and B are conveyed through two fixed
grooves of equal length in the lower plate to another compensating
groove in the movable plate, the sound from B passing around the
end marked X and that from A passing the end marked ¥. Both
sounds unite in a single path at E. The sounds from C and D are
similarly united ina single path at F.
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The two sets of grooves are so made that their average radius
has the ratio 2: 3 in order that the compensation effected in the sec-
ond stage may be one and a half that effected in the first stage which
has been shown to be necessary. It remains to be shown that the

Prate XIII. a. The Type-H compensator, showing structure of groowved
plates for compensating twelve acoustical units,

sound from the two points E and F suffers during the third or bi-
naural stage three times the compensation effected in the first stage
whenever the top plate is turned.

The course of the sound from E to the listener's ear is: E to H
through fixed path in lower plate; H-X-M through compensating
groove in upper plate ; M-O-K through fixed groove in lower plate;
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K-W-N through compensator groove in upper plate; N-R through
stethoscope lead to right ear. The sound from F traverses a similar
course, viz.: F-H-Z-M-0-K-¥-N-L ending at the left ear. Itis
readily seen that the compensation effected between E and R and
between F and L when the upper plate of the compensator is rotated
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Prate XIILI. b. The acoustical M-V installation and protective blister.

is double that effected between E and (B or A) since in the former
case two grooves are connected in series. Thus all the requirements
for complete compensation of twelve equally spaced receivers
mounted in 2 line are met.
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The dimension of the grooves through the compensator are such
as to preserve uniformity of cross-section. A third bottom plate is
provided and so arranged that by rotating the second plate, which
carries the fixed grooves and stethoscope leads, upon this through a
small angle either the port or starboard line of receivers can be con-
nected through the compensator.

The three figures in Plate XIII. a give the appearance and con-
struction of the Type H Compensator in detail. Plate XIII. b shows
the manner of muuntiﬁg the line of receivers benegth a streamlined
protecting blister on the outside of the hull.

The M-V Tube determines direction by means of variable com-
pensation instead of by, rotating the line of receivers and therefore is
free from the weaknesses inherent in the M-B Tube and the double
M-F Tube. Its focusing effect {s superior to either of these devices
because of the greater length of its line of receivers. It is more
rapid and easy to operate since it only requires the rotation of the
" compensator plate to center a sound binaurally. And, finally, it can
be operated while the boat is moving. The M-V Tube is without
doubt the best “on-board”™ listening device thus far developed.
Some idea of its ability to locate a submarine can be gained from
Plate XIV. ;

The full line curves represent the true course of a submerged
submarine. The coirdinates of the curves have time for abscissae
and angular bearing with respect to the listening boat as ordinates.
The round circles represent bearings as determined on an early form
of M-V Tube. The speed of the listening boat, a destroyer, is given
by the broken line curve at the top of the sheet and the distance in
yards of the submarine is marked at various points along the curve.

The M-V Tube in its later forms makes use of twenty units in-
stead of twelve. These installations are capable of giving better
results than those recorded in Plate XIV. The possibilities of the
M-V Tube will not have been reached until a compensator is devised
which will take care of a line of receivers spaced about fifteen inches
apart and extending the entire length of the boat upon which it is in-
stalled. Experimental results however seem to suggest that the ad-
vantage to be gained by extending the line of receivers much beyond
forty or fifty feet is scarcely worth striving for.
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The statement that no increase in range is to be gained by increas-
ing the sensitiveness of the receivers beyond a certain point ob-
viously does not apply when the receivers are used in multiple since
the local and other disturbing noises are not intensified in the same
proportion as the sound upon which the receivers are focused, More
sensitive receivers can be effectively employed in multiple unit de-
vices than in single unit devices such as the “ 3-spot™ and * 4-spot.”

The sensitiveness of the acoustical receivers is not as high as can

0% .1 = |

Prate XV. The microphone housing developed at the U. S. Naval Ex-
perimental Station. ., Section through interior showing microphone. B,
Complete receiver unit, about 14 natural size.

be advantageously used in multiple unit devices. This fact, together
with the need for a long range listening device led to the develop-
ment of several types of electrical listening devices employing mul-
tiple receivers. A description of these devices follows:

. The U-3 Tube is a submarine sound-detecting device which can
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be towed astern from a moving boat at any desired distance. In
principle it is an electrical copy of the M-V Tube above described.
Two lines of twelve equally spaced microphone receivers are con-
nected through a multiple unit electrical compensator to a head set

of two carefully matched telephone receivers. The microphone re-
ceiver developed for these lines is fully as sensitive as the “rat” and
gives a more faithful reproduction of phase, a requirement for re-
ceivers used in multiple. The construction of this receiver is shown
in Plate XV,

Each line of twelve receivers is housed in a flexible gum rubber
tube which is stopped at either end by properly streamlined forms.
A line of receivers so housed is called an eel. Electrical connection

between the receivers and compensator is made through a 14-con-
~ ductor cable which can be payed out or in from a specially designed
reel without breaking the electrical circuits. Plate XVI. shows the
eel with its cable and reel. Plate XVIL shows the Type AE-2
electrical compensator, used to compensate the receivers in the eel.

The U-3 Tube consists of two similar eels towed abreast, each
by its own separate cable, The eels, because of their flexibility, do
not skid when eddies or cross currents are encountered and thus
keep their relative position without the use of a spreader. Their
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horizontal distance remains the same as that between their respec-
tive cables at the boat's stern with but slight variation,

Every unit in the construction of an eel (head, tail, housing tube,
and each of the twelve receivers) is carefully designed to have neu-
tral buoyancy in sea water when the eel is filled with fresh water.
This assures that the line of receivers will lie in a horizontal plane

Prate XVIL. The AE-2 electric compensator designed to accommodate two
sets of 12-spot microphone lines.

so long as there is any appreciable relative motion between the eel
and the water. The depth at which the eels trail depends upon the
length of cable and the speed of the boat. In practice this depth is
kept within 100 feet.

The electrical impulses from the microphone receivers, produced
by sound from any particular direction, are brought into phase at the
two telephone receivers by means of a rotating switch arrangement
which introduces the proper amount of loaded line into the separate
microphone circuits. The 6 microphones in the forward half of the
receiver line attach to one telephone and the rear 6 connect with the
other. The construction of the compensator is such that the same
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setting which brings a sound into focus causes it to appear binaurally
centered and the rotating switch carries a scale and pointer indicating
the bearing (ambiguous of course as to port or starboard).

The ambiguity cannot be removed by comparing the intensity of -
the sound as given by each line of receivers (the method employed
for an “on-board” installation) since there is no sound screen be-
tween the two lines. It therefore becomes necessary to make a
second compensator setting on two groups of receivers which have
their line of centers in a different direction. This can be done by
using six receivers in each eel. The direction will then be the com-
mon angle of the two compensator settings as has been shown.

A switching arrangement is provided whereby the twelve re-
ceivers in the port eel, or the starboard eel, or the six forward re-
ceivers of both eels, or the six rear receivers of both eels can he
connected through the compensator to the two telephones. Further-
more the compensator is so designed that the last stage of compen-
sation, the binaural stage, can be uncoupled and varied independently
of the other two stages which may be termed the maximum part of
the compensation. Whenever compensation is effected across the
two eels, i, e., between the head groups or tail groups of receivers, it
will be seen that the binaural part of the compensation must be made
independently of the maximum part.

Suppose a binaural setting has been made on a sound when the
12 receivers of, say the starboard eel, are connected through the
compensator. The maximum part of the compensation is properly
adjusted to bring the impulses from each group of 6 receivers—the
head group and the tail group—into phase. The resultant of each
group is brought into phase by the binaural part of the compensation
and the compensator is so designed that the same angular rotation is
required for both stages. Now if the six receivers in the head of
the port eel are substituted for the rear six in the starboard eel and
in the same order, it is evident that the compensator adjustment for
maximum still holds for the reason that this is determined by the
angle between the line of the receivers and the sound. This angle
remains the same in both cases since the two eels are parallel. But
the phase difference between the resultant of the two groups will in



HAYES—DETECTION OF SUBMARINES, 43

genera'I be different in this second case so that the binaural part of
the compensation will need to be changed to give a binaural center.

The switching arrangement in the compensator is designed so
that whenever the receivers are connected in for cross-compensation
a clutch which connects the maximum and binaural parts of the com-
pensation is automatically released leaving the binaural part free to
turn while the maximum part remains fixed. This clutch auto-
matically falls back into position whenever the port or starboard line
of receivers is switched to the compensator.

The direction of a sound source is then determined on the U-3
Tube as follows: Connect the receivers in either eel to the compen-
sator and make a binaural setting, then connect either the head or
tail groups to the compensator and make a second binaural setting.
The common angle on the two double scales is the direction.

The compensator is provided with two electrical filters either of
which can be connected in series with the telephones at will. These
filters allow all sounds above a certain definite frequency to readily
pass but eliminate almost entirely the lower frequencies. One filter
limits the passage to frequencies above 450 and the other to those
above goo, Very often disturbhing noises can be largely eliminated
by using one filter or the other without weakening the comparatively
high pitched sound from a submarine.

The U-3 Tube is one of the best listening devices that has thus
far been devised. It can readily be installed on any boat without
docking, is durable and easily repaired and rapid in manipulation.
It can be operated at fairly high speeds because its streamlining is
such that it produces very little water noise itself while it can be
towed far enough astern to reduce the water noise and other noises
on the listening boat to a minimum. It has the longest range of any
of the various types of submarine detectors due to the fact that it
employs highly sensitive receivers in multiple combination, operates
at sufficient depth to largely eliminate surface noises, and at a suf-
ficient distance from the listening boat to largely eliminate local
noises, and due to its focusing qualities desirable sounds are inten-
sified while other sounds are relatively weakened.

The use of multiple unit electrical lines is not limited to towing
devices. As an “on-board " installation the electrical MV has cer-
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tain advantages over the acoustical. It is more sensitive and there-
fore capable of giving greater range. It can be housed within a
water-tight blister in such a way that the line of receivers can be
withdrawn through a hand-hole opening in the skin of the ship and
repaired or replaced without docking the boat. The installation as
a whole has proved more durable than the acoustical lines. If a re-
ceiver becomes defective it can be cut out and the line can still be
used, whereas a leak in the acoustical line allows the installation to
fill with water and thus become useless, Finally, the compensator
can be placed on or near the bridge whereas the listening station for
an acoustical MV must be placed near the inlets through the ship’s
skin. This location must necessarily be near the keel of the boat and
as a result considerable distance from the bridge.

On the other hand, the quality of the sound and the selectivity
given by the acoustical MV is superior to that given by any electrical
MV thus far produced because of the fact that the acoustical re-
ceivers are better matched than are the microphone receivers. How-
ever, improvements in the construction and matching of the micro-
phonic receivers are continually being made and there is all reason
for believing that the electrical MV will soon be made to compare
very favorably with the acoustical MV as regards quality of sound
and selectivity.

The perfection of the electrical MV has made possible the use of
two or more lines of receivers with the same compensator. The type
AE-2 electrical compensator developed for use with the multiple
microphone eels is provided with a multiple unit switch whereby it
can be connected with either the two eels, as described, or to two
“on-board” lines enclosed in blisters. This combination is very
favorable for searching submarines for the reason that the eels can
be used for picking up faint or distant sounds thereby directing the
listening boat to a point where the submarine can be heard and fol-
lowed by means of the “ on-board " lines. Moreover, the distance of
the submarine can be judged with some accuracy by determining its
bearing on both the eels and the “on-board ™ lines. The distance
between the eels and the blisters being known the range of the sub-
marine is readily determined by triangulation. While this method
does not determine range with sufficient accuracy for bombing pur-
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poses it is sufficiently accurate to be helpful in making an approach.

Plate XVIII, shows the range chart used in connection with this
type of installation. Range curves are plotted in terms of the an-
gular bearings on the two installations. As an example, suppose the
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Prate XVIII, Range chart—computed for two detectors with base line of
550 feet.

bearing of the submarine as given by the eels and the * on-board ™
lines are 43 degrees and 120 degrees respectively. The range of the
submarine would be 125 yards.

The development of the principle of electrical compensation has
made possible the use of long lines containing many receivers so it
would seem that the limiting possibilities of the submarine sound
detector have by no means been reached. In fact the usefulness of
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these devices in peace times as well as in war times is but imperfectly
realized, but it is a safe prediction that the future will find them a
distinct safeguard to navigation.

The Value of the Submarine Sound Detector as an Instrument of
Warfare is not to be measured by the number of * U-boats ™ that by
its aid have been located and damaged or sunk but rather by the re-
sulting curtailment of their radius of operation and the effect on the
morale of their officers and crews. The U-boat in operation was
never safe after the perfection of the submarine detector. When
traveling at sufficient speed to cover any distance it could be heard
and accurately located at a range of several miles. The same was
true whenever it lay on the surface charging its batteries. It could,
in some localities, lie at rest on the bottom or if the depth prevented
this it could run very slowly, about one and a fourth knots, at a
depth of from 100 to 200 feet and thus be reasonably free from de-
tection but under such conditions it was comparatively harmless.

Submarine sound detectors promise lo become a distinet aid to
navigation during conditions of low wvisibility. Its aid is two-fold:
first, approaching vessels can usually be heard and located in time
to avoid collision and second, harbor entrances can be safely made
by taking bearings on properly placed submarine signals.

The U. S. 8. destroyer Parker while maneuvering in the North
Sea in a dense fog reported that she avoided two collisions in one
day by locating an approaching boat with her listening gear.

Some idea of the aid which can be given in entering a harbor is
shown by the results of recent experiments. By means of an elec-
trical MV-Tube on one of our transports, the writer recently located
the Nantucket Light-ship within two degrees at a distance of 37
nautical miles by picking up its submarine bell signal, and this was
accomplished while the transport was steaming at 15 knots. Had
the transport slowed down to 4 speed the bell could without doubt
have been heard at a range of over 50 miles. While entering New
York Harbor from one to three bell signals could be heard and ac-
curately located at any time and as a result the vessel could have
safely entered harbor in a dense fog.

It would seem that navigation during conditions of low visibility
can be made perfectly safe if each boat is equipped with a good sub-
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marine sound detector and a submarine signal device such that its
signals can be distinctly heard at a distance of at least five miles.
During fog each boat should periodically signal by code its course
and possibly its speed. By picking up such signals on its listening
device any boat can avoid collision since it will know the bearing,
course, and speed of all ships within a radius of five miles,

Such an arrangement should not only eliminate all possibility of
collisions but should enable owr whole Merchant Marine to keep
moving at practically full speed at all times, thereby placing it in a
better condition for competing with the Merchant Marines of other
nations than it otherwise would be.

U. S. NavaL EXPERIMENTAL STATION,
New Loxpox, Coxx.
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THE DEEP KANSAN PONDINGS IN PENNSYLVANIA
AND THE DEFPOSITS THEREIN.

PART ONE.

By EDWARD H. WILLTAMS, J=.
(Read November 5, 1o1p.)

INTRODUCTION.

As the name “Kansan" is given to the drift in Pennsylvania,
south of the moraine of Lewis & Wright, along the Allegheny River,
and as it extends across the Delaware River from New Jersey, the
intermediate drift in Pennsylvania south of the same will be so
called, though it differs almost entirely in petrographic character-
istics ; as drift everywhere tends to conform to the outcrops on which
it lies, and only in moraine or overwash accumulations is there a
general and indiscriminate mixture.

It is proposed to-night to examine the character and the origin of
the high-level gravels along Allegheny River, concerning which there
is a difference of opinion. Other gravels will be used as illustrative
material. -

Professor G. F. Wright expressed the opinion in 18g4* that some
of the Allegheny gravels were remnants of a complete valley filling,
since excavated; but he abandoned this theory later. In 190z F.
Leverett® expressed Wright's former opinion. Beginning in the
Lehigh Valley, in 1892, E. H. Williams, Jr.,* found that the sculp-
turing of the Kansan outwashes antedated the deposition of the
universal capping of iceberg silty clay. This is also the case in the
Susquehanna and Allegheny walleys and is applicable to all foreset-
bedded glacial outwashes deposited in deep pondings.

Pondings are of two kinds : those against a watershed, with grad-
ually rising surface until a discharge over a col occurs and, if trench-
ing occurs, with gradually diminishing depth: those against per-
sistent or ephemeral ice-dams, with the depth varying with height
of the dam. The former class is characterized by a permanence
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which produces beach-lines—both filled and undercut—of good defi-
nition, high terraces with long and flat tops, and all the signs of long
flooding : the latter will rarely persist at an exact level. 'We shall
come upon good examples in this discussion, and when ice-dams
occur in a valley like those of the Juniata or of the Allegheny, where
there is a fall of the regional surface commensurate with that of the
floodplain of the stream, it is evident that the height of the ice-dams
would be similarly influenced, and the sporadic bars and terraces
formed in the pondings would have a proportional fall in elevation,
and of so marked a character that it would simulate the slope of a
high gradation plain.

The illustrative material to be examined is found in the Hudson,
Lehigh and Juniata valleys, whose streams were never reversed, and
whose pondings were against ice-dams: in the Bald Eagle, and in an
inconsequential part of the West Branch of Susquehanna River,
between Williamsport and Lock Haven, both of which were tem-
porarily ireversed, and whose ponding was between the glacier and
a col.

The Allegheny is a patchwork stream. It flows through 4 val-
leys in reverse, and through 4 trenched cols. There were many
pondings with surfaces above 2,100 in the Pennsylvania Highlands:
above 1,600: above 1,500; above 1,430, and above 1,200, as we pro-
ceed from those highlands to the mouth of Clarion River, where the
crests of the region are 1,000 feet lower. The terraces, bars, sporadic
areas of gravel of Kansan age partake of the elevation of the pond-
ing, and fall in elevation, as will be seen below.

It is generally acknowledged that there was no sinking of the
Kansan border in Pennsylvania during glacial times, and that the
isobase of 200 feet crosses the Hudson Valley near Storm King
Mountain. We can therefore use the Government and State Topo-
graphic Quadrangles to measure relative elevations along that
border, and, with proper corrections, elsewhere, during the period
treated in this paper. The most of the illustrations which follow
have been published before. The photographs were taken by the
writer between September, 1892, and August, 1897. It remains to
acknowledge his great indebtedness to the late Dr. Joseph Barrell
who, as an assistant traversed the entire Kansan Border between the



PENNSYLVANIA AND DEPOSITS THEREIN. a1

Delaware and Allegheny rivers. Of the character of his work no
encomium is necessary.

= Storm Kine Mountaiy PoNpiNe.

The Cambro-Ordovician rock floor of the Champlain-Hudgﬁ
trough varies slightly on cither side of the meridian until it ap-
proaches Kingston, N. Y., where it forks. The right-hand fork
turns westward along a deflection of 20 degrees into the Cambro-
Ordovician trough of the Rondout-Wallkill Valley, which is sepa-
rated from a short valley in the same measures, leading to Delaware
River, by a low saddle at 514 feet. Across this stream the Great
Valley of Pennsylvania extends, in the same measures, to Maryland,
with the highest point of its trough slightly below 500 feet. The
left branch turns, at the same angle, eastward into a pocket through
which Hudson River flows. The high eastern wall of this valley
leaves its average of 16 miles from the stream and approaches it
until, at Storm King Mountain, it rises 1,200 feet immediately from
the stream edge. Marlboro Mountain forms an equally high wall
on the west bank. The average valley width of 16 miles between the
soo-foot contours, and of 32 miles between those of 1,000 feet, is
constricted between these mountains, and at West Point is about 34
of a mile wide at the lower, and 2 miles at the upper elevation.
Similar widths at these levels along the Rondout-Wallkill Valley are
from 2 to 6 for the lower, and 16 miles for the upper one. At the
time of the depression of 200 feet, indicated by the above isobase,
the above saddle still rose 314 feet above the then ocean level, and
prevented a flow of water towards Delaware River, if the Storm
King-West Point pocket were open.

Going north from the pocket we come suddenly, at Kingston,
upon thick clean, horizontally-bedded brick-clay carrying infrequent
good-sized boulders. Still further to the north the clay grows thin
and sandy, with gradual change to foreset-bedded gravel dipping
down stream, and in sporadic patches where sheltered from the cur-
rent. The clay and boulders indicate a current of 2 inches, or less,
per second ; a depth of water sufficient to float icebergs so high above
the deposit of clay as not to disturb its quiet and even deposition; a
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stagnation in the pocket, and a high ice-dam as its cause. The
gravels are found along the Rondout-Wallkill Valley, and indicate a
current of 30 inches per second passing thence from the Hudson,
and a depth of water—314 to 514 feet—sufficient to pass over its
siddle.

Both clay and gravel are sorts of a glacial outwash. The clean-
ness of the former indicates a recession of the glacial front to the
north sufficient to permit the separation of the sand and gravel sorts
from the clay as soon as a slackening of the torrential current oc-
curred. The volume of the torrent can be inferred from the fact
that the Hudson Valley drained that part of the St. Lawrence basin
which passed through Lake Champlain—all from the glacier and the
region between the Green Mountain-Taconic range on the east and
the Delaware-Susquehanna watershed on the west, and all from
Central New York that did not escape south or west. Such a flood
would clear away at once whatever deposits in the Hudson Valley
were within the area of scour, as soon as the ice-dam in the pocket
became weak. '

This episode is an archetype of our periodic freshets, with their
high water, their thin washes of slimes and of light trash, and their
rapid subsidence. Nobody associates the distance between the high
levels reached by the slimes, and the midsummer low water, to
which they run continuously, as indicating the depth of excavation
in a completely slime-filled valley. Nor do we so theorize about
sporadic gravels dropped in deep pondings, such as will now be con-
sidered.

Decaware Narrows Poxpine.

A similar ice-dam was formed south of Easton, Penna., in the
Delaware Narrows, of bergs from the Hudson, and from the glacial
lobe which crossed the former river north of Pocono Mountain. It
ponded the Lehigh Valley up to 500 feet® during the wasting of the
Hudson-Delaware-Schuylkill lobe there. As evidence of Arctic in-
trusion we find Sedum rhodiola growing on the side of the narrows
where the sun never intrudes. This and Quoddy Head, Maine, are
the two habitats of this plant in the United States.

The deposits in this ponding are sporadic. The most prominent
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are long ridges of foreset-bedded gravels with infrequent cobbles
and boulders, which extend towards the Delaware from the low hills
or the projecting shoulders of South Mountain, which formed long
areas of diminishing slackness. The bars thus diminish both in
height and breadth as they near their ends. The lodging of bergs
nearby made changes in the strength of the scour, and we find sur-
faces of erosion with unconformable beds on either side. This is
especially the case at the end of the period when fine gravel was de-
posited, and the Packer Clay with its boulders and iceberg trash fol-
lowed as a capping. Some of these bergs carried masses of rock
weighing four and one half tons, and a heap of such masses were
found on top of an eddy hill in what was South Bethlehem.

This clay capping is sandy and but 2 feet thick near lines of cur-
rent of 5 inches per second; but is 30 feet thick and sand-poor in
areas of still water. It lies unconformably over the ends of some of
these long bars, and proves that their sculpturing preceded its depo-
sition, and that they were never part of a complete valley filling since
excavated. This latter was the theory of J. P. Lesley in his intro-
duction, p. 37, to F. Prime’s third report (D3, Second Geol. Surv.
Pa., 1878), where he characterizes the Bethlehem gravels as “a high-
" flood river deposit, or an ancient high-level river-channel deposit.”

SusgueHANNA PONDING.

This valley is so broad that the only places where damming took
place in the Kansan Border are at the narrows near Rupert and at
Little Mountain. The ice-dam in the former must have been above
160 feet high, as the Berwick upper sands reach that elevation, and
carry glaciated cobbles and boulders.* At Nescopeck, opposite Ber-
wick, E. H. Williams, Jr., reported* in 1895:

There are three formations in the gravels at Berwick and Nescopeck:
first, subglacial till so compact that a pick can scarcely be driven into it. This
has a clay base and carries an abundance of rolled stones of all the formations
to the north—even granite and anthracite meet in the mass. On this is a
bed of modified drift of loose nature and sandy matrix with the same collec-
tion of rolled stones, and of equal freshness. In fact there is no difference in
the color of the layers. . . . The lower inch of the gravels is a conglomerate
with a limonite matrix, where the percolating waters laden with the solution
of iron were stopped by the dense till below. Capping all is a layer of un-
stratified sand that varies in thickness greatly within a few feet, and carries
streaks of gravel, glaciated cobbles and boulders at all levels.
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This dam was in the narrower and more crooked North Branch
of the river: the one in the main stream and far broader valley was
low ; but sufficient to form a terrace that runs, with slight rise, for
10 miles up the valley of Middle Creek, and for 20 miles up that of
Penn’s Creek. The latter has a delta 1 mile broad.® This low ter-
race is the nearest approach to a complete valley flling that we shall
meet with,

Juniata Poxpine.

. C. White® was the first to describe the glacial outwash in
Juniata Valley, and to call attention to the great distance above the
average level of the gravel terrace to which sporadic patches of the
same were carried. E. H. Williams, Jr., in 1895,* ascribed their
origin to ice-dams in the many “ Narrows"” where this stream has
cut through the more resisting ridges which border the trough-like
valleys it crosses in its way to the Susquehanna River. The terrace
runs with but slight rise far up the valleys of its affluents, and the
sporadic gravels are the usual iceberg trash carried on the crest of
the released wave when an ice-dam broke, and permitted the ponded
water to rush up all opposing slopes and leave its bergs and their
burden. This phenomenon occurs nearly every spring in northern
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Fic. 1. Outwash from Lake Lesley, south of saddle, at East Tyrone,
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New England streams when the winter ice is lifted by a freshet,
Ice-dams are formed at each constriction and sharp bend of the
valley, and water ponded to considerable depths, leaving gravel and
boulders to be removed by the farmers before cultivation can be
undertaken.

Figure 1 shows the character of the glacial outwash carried over
the broad and flat saddle at Dix from the Bald Eagle to the Juniata
Valley, and dropped at Tyrone as soon as the carrying current lost
its velocity of 40 inches per second. The Juniata Valley was never
touched by the glacier.

Barp EacLe Powping.

When the Kansan lobe that moved down the North Branch of
Susquehanna River touched the lofty wedge-end, where Bald Eagle
and White Deer mountains meet and rise 1,200 feet above the flood
plam of the West Branch of that stream, the water of that branch
was ponded west of Williamsport, and the lowest point of discharge
was the flat saddle at Dix, just above mentioned, into the Juniata
Valley. This fixed the surface of ponding at 1,110 feet, and the
depth against the glacier near Williamsport at 650 feet.

The gravels to be considered came from the wasting of that part

Fig. 22 End of ridge from Antis Gap, near Jersey Share.
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of the above lobe which had crossed Bald Eagle Mountain, and lay
upon the several hopper-shaped valleys immediately south of it. The
part of the lobe lying north of that mountain in the Susquehanna
Valley between Williamsport and Lock Haven, and in the northern
part of Bald Eagle Valley, had been cleared away by the torrent
sweeping over the Dix saddle into the Juniata Valley, carrying ice-
bergs and gravel, as just described. There was also a considerable
discharge of the ponding through the marginal canyon between the
glacier and the complex of ridges between Bald Eagle and Jacks
mountains.

Figure 2 shows a sausage-shaped ridge of outwash from the
wasting glacier in Mosquito Valley, formed by a narrow torrent
sweeping through Antis Gap in Bald Eagle Mountain, and drop-
ping its burden as its velocity was checked, and its course changed
to that of the slow movement of the deep ponding towards Bald
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Fic. 3. Detail of cutting in ridge from Antis Gap, showing rough assortment
of strata.

Eagle Valley. Mosquitg Valley has a limestone floor and a high
ridge-rim of Oneida. The gravel ridge is composed of these, and
rises abruptly from the level Susquehanna Valley like an island from
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a calm ocean, and bends up stream to show the above movement. It
is so large that it has forced the river to make a loop 1 mile to the
north of its straight course in order to pass around it, and a remnant
exists near its former end as an island 1 mile long. Figure 3 shows
the rough assortment of fresh Oneida sandstone and limestone in
the dark and fully decayed preglacial surficial mantle of Mosquito
Valley. Smaller ridges are found to the east, and opposite similar
gaps in Bald Eagle Mountain, composed of similar materials from
smaller hopper-shaped valleys. Excepting the most eastern, they
bend up stream with the reversed current: the other bends down
stream with the discharge through the marginal canyon. All have
forced the Susquehanna to make loops to the north to pass around
their ends. -

The flood plain of this stream is here composed of rocks between
the Lewistown limestone and the Pennsylvanian. It is evident that
these ridges of entirely underlying measures are not part of a com-
plete valley filling subsequently excavated; but are like the long
ridges in the Lehigh Valley, dropped in deep ponding as soon as the
velocity of the carrying torrent was sufficiently checked.

PART TWO.

ALLEGHENY PONDINGS.

Introduction.

We note from what has been described above that ponding may
be caused by stream reversal by glacial agencies, and by ice-dams.
Permanent stream reversal is brought about by the trenching of the
col or saddle in the watershed of the reversed stream to a depth suf-
ficient to ensure the permanent discharge of the accumulated water
after the wasting of the glacier which caused the original ponding.
Secondary pondings, thereafter, are formed by bergs, as in the
“Narrows"” of the Delaware, the North Branch of the Susquehanna,
and the Juniata.

Figure 4 follows Leverett's Fig. 1* in the arrangement of the
three river systems that now make up the Allegheny River. Instead
of “Old Upper,” “Old Middle ” and “ Old Lower " Allegheny, these
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systems are called Allegheny, Tionesta, and Clarion, from the prom-
inent streams which compose them. Of these the last was the pre-
dominant stream in Western Pennsylvania. It rose on the platean
of the McKean County highlands in many good-sized feeders which
almost met similar feeders of the Allegheny on the north side of the
low slopes of the platean. In the Pittsburgh area it received the
waters of the Monongahela and Youghiogheny. Turning westward
into the valley now occupied by the Beaver, it received the stream

FPENNSYL NIA
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Fic. 4 Map of Allegheny, Tionesta and Clarion Basins.

now reversed to form the upper part of the Ohio, and in the state
of that name it occupied the valley of Grand River. It thus com-
pletely encircles the basin of the Tionesta-French Creek stream
which partly to-day forms the Allegheny. In Fig. 4 only the portion
from its sources to its junction with the latter is shown.

The black indexes mark the places where water was forced over
watersheds by more or less deep ponding. Among these places are
the four trenched cols: at Big Bend (connecting the Kinzua and
Conewango branches of the preglacial Allegheny); at Thompson
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(connecting the preglacial Allegheny and Tionesta) ; at Foster (con-
necting East Sandy and West Sandy creeks—branches of the Tio-
nesta) ; at Emlenton (connecting the Tionesta and Clarion basins).
The cutting of these to present stream level formed the modern
Allegheny River.

An ephemeral connection between the preglacial Allegheny and
Tionesta, and which has resulted in the piracy, by the latter, of the
headwaters of the preglacial Conewango, occurred during the ap-
proach of the glacial margin towards Clarendon, when there was a
discharge of the Conewango ponding over the Barnes col and trench
into the Tionesta. There was also a trenched col at Titusville; but
it had little or no influence in the formation of the gravels to be con-
sidered. Its elevation was 1,610.%

The following passes and cols enter more or less into the history
of the ponding :*

A. On the Potter-McKean County Plateau. Discharges from Big

Bend Ponding:

Keating Summit. Trench used by the Iroquois as a portage between the

Allegheny and Sinnemahoning basins. Plateau top 2,400 feet; trench
bottom 1,878 fect. Immediately east of the McKean County line.

Clermont. Broad shallow pass. Floor 2,068 feet. Allegheny discharge
from Potato Creek through Mill Brook into East Branch of Clarion
River.

Glad Run. Shallow pass. Floor below 2,100 feet. Into West Branch of

Clarion River.

Kane, Forked pass, broad and shallow. The eastern fork into West
Branch of Clarion River: the western, into the headwaters of the pre-
glacial Conewango Creek ; now, of the Tionesta. Floor 2,025 feet.

B. On the Allegheny-Tionesta Watershed. Discharges from Cone-
wango Ponding:

Barnes. Trench. Top 1,500; bottom 1300; filled with 2 terraces of
gravel for Go feet. Preglacial outlet into Tionesta River. Present out-
let of preglacial branches of Conewango Creek, dammed by moraine at
Clarendon, and now headwaters of Tionesta River,

Thompson. Trench. Elevation considered below. Outlet into Tionesta
River after the arrival of the glacial margin at Clarendon.

€. On the Allegheny-preglacial Upper Oil Creek Watershed. Dis-
charge from Conewango Ponding into Titusville Ponding. No
cutting or trenching:
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Torpeds. Pass. About 1,550 feet. Leads from Brokenstraw to present
il Creek basins.

. On the preglacial Upper-Lower Oil Creek Watershed. Dis-

charge of Titusville Ponding:
Titusville. Trench. Top 1,610. Floor with gravel filling. Leads to Tio-

nesta basin,

. On the East-West Sandy Watershed. Discharge of East Sandy

Ponding :

Foster, Trench. Top 1,500. Gravel filling of floor goo feet. Leads to
West Sandy basin.

. On the Tionesta-Clarion Watershed. Discharge of Tionesta-

West Sandy Ponding:

Emlenton. Trench, Top 1.450-1,48%0 feet. Floor with gravel filling to
860 feet. Leads into a short branch of Clarion River, probably Richey
Run, 434 miles above its preglacial mouth,

On Quaker Ridge, between the Conewango and Kinzua branches
of Allegheny River. Discharges of Allegheny ponding as the
glacial margin moved from the Conewango Valley up the spine
of this ridge, parts of which now rise above 2,200 feet—all into
the Conewango Ponding. From north of south.

Kennedy. This is the present filled channel of Conewango Creek at the
debased end of Quaker Ridge. Top 1,250 feet. Rock floor probably
350 feet lower.

North Bone Run. Trench. Ridge-top about 2,000 feet. Floor 1,582 feet.
A branch of the Kinzua, leading to Mud Run,

Bone Run. Trench., Ridge-top higher than last. Floor 1, 566 feet. Branch
of the Kinzua, leading to Cass Run.

Storehouse Run. Shallow pass. Floor 1,025 feet. Leads to deep trench
from the east bank of Conewango Creek.

Reynolds Run. Broad and swampy pass. Floor 2000 feet. Leads to
Ackley Run by trench cut below 1500 feet for 204 miles into the flank
of Cuaker Ridge,

Big Bend. Trench. Top 2,154 feet”™ Floor probably 1,700 feet. Gravel
filling to 1,200 feet. Sheer trench walls rise to 2,040 and 2,060 on oppo-

site sides. The spine of ridge to west averages 2,100 feet. Leads to
Conewango Ponding.

Of the above elevations, the only one concerning which there is a

difference of opinion is at Thompson. Carll® says “at least 1,800,"
and Leverett,® “at least 1,220.” The former is too high, as then the
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Conewango ponding would have escaped through the Torpedo pass,
as soon as the glacier at Clarendon had closed the way to Barnes,
and the present Allegheny would now flow up the Brokenstraw Val-
ley to Torpedo, thence through Grand Valley to Titusville, where it
would occupy the lower Oil Creek Valley, and join the Tionesta at
Oil City. The latter is too low as, with such an elevation, there never
would have been a discharge at Barnes at 1,500 feet. Washes about
Warren indicate that its elevation is about that of the col at Titus-
ville, 1,610.
PoxDINGS IN THE ALLEGHENY Basiy.

These can be separated into those which occurred during the ad-
vent of the glacial margin to Clarendon, and to the covering of the
Potter-McKean Plateau, and those which occurred during the stag-
nation and wasting of the ice there. The Barnes and Big Bend
pondings were in the former: that at Thompson, in the latter.

Barnes PoNDING.

Elevation at beginning was 1,500 feet. Until the glacial margin
touched the spine of Quaker Ridge, there was a free passage of all
the ponding of the Allegheny Basin at the above elevation to the col
at Barnes. The main current passed from the Allegheny up the
Conewango to the col. The streams from the Brokenstraw Valley
and the short valley with headwaters at Thompson came into the re-
versed Conewango at Warren, and prevented the distribution of any
glacial outwash from the main stream west of Warren. In brief,
there was no flow towards Thompson.

Just as the narrow torrents from the hopper-shaped valleys,
through the gaps in Bald Eagle Mountain, left long and narrow
ridges which rose from the level Susquehanna plain, and without a
general distribution of their burden ‘over that plain; so here, a cur-
rent far broader moved up the Conewango Valley from the ponded
Allegheny, and with increasing velocity as the glacier approached.
At Warren it received the clear water from the Thompson-Broken-
straw region and passed by Glade, Clarendon, Tiona, Sheffield, to
Barnes, where it escaped over the col. At Sheffield it received the
stronger flow from the headwaters of the preglacial Conewango, re-
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inforced at a later date by the torrent from the Big Bend ponding
through the pass at Kane, noted above. We have thus a deposition
of sorts of increasing size along this line of current, and only along
it, from the Allegheny Valley to Tiona (in general), and Sheffield
(with regard to some of the first deposits; but only in very thin
beds). None of these deposits came to Barnes and thus into Tio-
nesta River. Of these described by Williams,® the Conewango Clay,
the Upper and the Lower Indian Hollow Sands were dropped dur-
ing the discharge of the Conewango Ponding at Barnes, and the
Clarendon Gravels, at the end—the moraines at Clarendon marking
the arrival of the glacial margin of the main trunk on the Pennsyl-
vania Highlands. All are glacial outwashes. Figs. 5 and 6 were

Fic. 5. Lower Indion Hollow Sands, east side.

taken from the same set-up, with the camera reversed. They repre-
sent the faces of a working in the Lower Indian Hollow Sands: the
former looking eastward to the back of the Hollow ; the latter, west-
ward, toward the Conewango Valley. We are looking at the same
strata. In Fig. 5 is shown an area undisturbed by the scour of the
flow towards Barnes, though the regular dip of the foreset beds of
different color in that direction shows that they were dropped in
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deep water by a current moving to the Barnes col, and in quiet water,
as shown by the uniform thickness of the beds. Fig. 6 shows a

Fic. 6. Lower Indian Hollow Sands, west side.

westward extension of the same beds on the edge of the scour of the
stream in the reversed Conewango, as each bed thins out, and some-
times completely disappears, as it is influenced by it. In fine, the
strata were shaped at that time as we see them to-day, for this is no
subsequent cutting down. Each bed becomes thinner, and the dip
of the upper layers is steeper than of those at the base. Besides this,
there can have been no sculpturing of these beds or of their surface
since the deposition of the iceberg clay which is found—with vary-
ing degrees of sandiness or of silt—capping everything about War-
ren, and so down the Allegheny to Pittsburgh. At times the boulders
in this cap are of large size, and speak of ice masses floating in deep
ponding, as the deposit in which they occur is so uniformly com-
posed of small sorts: at times it is clean silt with little or no larger
sorts. Along the Conewango the Lower Indian Hollow Sands vary
in thickness from 30 to 125 feet, depending upon the conditions of
deposition in the different areas where it is found. It rests in the
blued, sticky Conewango Clay, which carries wood fragments and
logs, and is sometimes over 200 feet thick.



fid

WILLIAMS—DEEP KANSAN PONDINGS IN

Fic. 8. Southwest face of Clarendon Gravels.



PENNSYLVANIA AND DEPOSITS THEREIN, G

Fig. 7 shows the top of the Upper Indian Hollow Sands, hori-
zontally bedded, and underlying the Clarendon Gravels. Such a
deposition of coarse gravel with interbedded quicksand on sands
could not have been made in an area of scour. This association, like
the thinning out of the lower sands, just noted, indicates that the
quiet area of Indian Hollow was crossed by a current of less than
8 inches per second ; while at the surface of the ponding, 200 feet
above, passed a current of over 30 inches per second, carrying the
gravel.

Fig. 8 shows more of the southwest face of the working in the
gravel bar. The sand stratum shows that the dip was the same as
the average of the beds of the lower sands, and foreset in the direc-
tion of Barnes. The view of the houses of Warren, across the
Conewango, in the left foreground, indicates the nearness of the bar
to the valley trough, and that it is 200 feet, or more, above it.

Fic.g. Clarendon gravels on top of Upper Indian Hollow Sands, East Warren.

The southern face of the working in this bar is shown in the
frontispiece and in Fig. 9. The cil-well rig in the former is the same
shown on the extreme left of the latter, and in Fig. 5. This well,
and the others in the Hollow, have given a comprehensive idea of

PROC. AMER. PHIL. 50C., VOL. LIX, E, MAR, 22, 1920,



66 WILLIAMS—DEEP KANSAN PONDINGS IN

the shapes and thicknesses of the underlying sands and clay, and the
depth and slope of the scoured rock floor as it dips toward and be-
neath the Conewango.

This bar originally stood above the level upper sands as do those
in front of the Bald Eagle gaps. It stands away from the back of
Indian Hollow, across which it originally ran. Its cross-section any-
where shows a cylindroidal surface with the sides coming down
rather abruptly to the surface of the shoulder of the offshoot from
Quaker Ridge behind which it was dropped, as shown in the frontis-
piece and in Fig. 8. Its crest merges with that shoulder at 1,488
feet, at a distance 2,300 feet up the slope, and gz feet vertically
above the top of the cutting shown in both figures. It is capped with
iceberg clay.

As a further proof that these formations were dropped in deep
ponding in sheltered areas along the line of current up the Cone-
wango, and only along that line, we find a similar terrace-bar acros=
Glade Run Valley, since trenched by that stream, consisting of the
same succession from Conewango Clay to Clarendon Gravels. Its
axis points up the old Conewango, and toward Barnes, and its
foreset dip has the same orientation. G.F. Wright, in 1914,% showed
in his Fig. 2 a section of this bar 250 feet above the Allegheny
River. This is in the shelter of the forked shoulder from Quaker
Ridge which forms the southeast side of Indian Hollow, and is thus
over the ridge from the bar above described. It has the same sand
stratum near its top, and at about the same elevation; but as both
bars are bedded with foreset strata, the plane of these interbedded
sands at Glade passes in the air at least 1,000 feet above the similar
bed at Indian Hollow. We find the same series at Stoneham and at
Clarendon, and with the sand stratum near the surface at the latter
place, dipping towards Barnes. They are thus not of a general val-
ley flling afterwards sculptured to shape, as shown by the iceberg
clap capping about Warren, which was not only dropped in deep
water ; but showed that the shaping antedated the drainage of the
ponding. This last is also shown by the peculiar thin sheets of basal
conglomerate with limonite matrix, as noted by Williams.®
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Quaker Rmce PoNDING.

This ponding began only when the margin of the main trunk of
the Kansan glacier reached a part of the ridge-crest above 1,500
feet, and where there was no depression beyond below that eleva-
tion. It was therefore far later than the Barnes Ponding, as that
began as soon as the old Allegheny Valley was dammed above that
level, and until the glacier reached an elevation on Quaker Ridge
also above that level, with no lower transverse troughs, the ponded
water to the north of the Ridge poured through the troughs, at or
but slightly above 1,500 feet.

It may be asked why no account is taken of the probable lowering
of the Barnes trench, as its bottom to-day is at 1,300 feet. The
reason is that the greater part of the cutting of that trench took
place after the arrival of the glacial margin at Clarendon. It has
been said that there are two gravel terraces in the Barnes trench.
They consist of pieces of conglomerate, sandstone, red shale and
shots of limonite—all local rocks from the McKean County high-
lands. In addition, it has just been stated that the Indian Hollow
bar runs up to the surface of the shoulder of the hill at 1,488 feet.
It is safe to say that the Barnes Ponding was not far below 1,500
feet when Quaker Ridge Ponding began.

The Conewango floodplain, at the debased end of the Ridge, is
filled between 1,260 and 1,280 feet for nearly 2 miles across the val-
ley, and for about 5 miles along the stream. Two small islands
rising 40 feet above the Barnes Ponding represented the Ridge-end.
Randolph, Twp., N. Y., is situated at its northern end with a con-
tinuous barrier between the Kinzua and Conewango valleys above
1,700 feet; rising in spots above 1,800 feet at the northern end, and
to 2,100 at the southern boundary of the township, across which
runs the first of the trenches which relieved the ponding—that from
North Bone Run to Mud Creek.

The axis of the trench is about Northwest. Its center rises to
1,582 feet, at a point 734 miles from the Conewango, and almost
exactly on the boundary between Randolph and South Valley town-
ships, N. Y. Its width at 1,600 feet is 260 feet; at 1,800, 1,900 feet.
It is nearly 2 miles between the 1,500-foot contours, on a curve of
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13,500 feet radius, The wall of the stoss (southern) side rises 520
feet in one third of a mile, and reaches 2,100 feet in a long hill of 4
miles between the 1,500-foot contours. Its southern side drops to
the trench from Bone Run to Cass Run. The summit of the latter
rises to 1,566 feet, with a length of 134 miles between the 1,500-
foot contours. The two trenches are about I mile apart: the latter
curving in an opposite direction from the former, with a direction
mainly westward. Its width at 1,800 feet is the same as that of the
northern one, and for over 1 mile its width at 2,000 feet is less than
three fourths of a mile. Its steepest wall is where the southern
side is crossed by the boundary line between Chautauqua and Cat-
taraugus counties. Its rise 1s 580 feet in 1,300.

Thence southward into Pennsylvania, through Warren to Mec-
Kean County, the crest of Quaker Ridge falls below 2,000 feet only
in two places, where narrow passes lead from the South Branch of
Sawmill Run—the northern, to Frew’s Run, with floor about 1,970;
the southern, to Storehouse Run, floor about 1,925, leading to a con-
siderable trench which opens on the Conewango floodplain just
north of Ackley.

After the covering of these the ponded water escaped at many
places over the somewhat irregular, but level, crest of the Ridge—
all above 2,020 feet—and the streams were gathered into four main
flows, which passed through the troughs of Jackson, Ackley, Hatch,
and Glade runs. With such distribution of power the trenching is
long and shallow, and of note only at the lower parts. The eleva-
tion of the ponding is now above 2,020 feet, and slightly over 500
feet above that from Barnes.

Bic Bexp Ponbixg.

The overprint on the topographic quadrangle of Olean, N. Y.,
in the envelope attached to the back cover of Leverett’s Monograph,®
seems to confirm Carll’s? elevation of 2,154 feet. Small areas rising
above it are marked “ Driftless.” Larger ones away from the scour
of the marginal canyon against the north side of Mount Hermon,
which also rise above it, are enclosed and marked * South Edge of
Ice,” * Glacial Boundary,” and “Border of Glaciation.”
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H. L. Fairchild® describes ponding in the Genesee Valley forced
by the glacial lobe up that area, over the Potter County Highlands,
and to the southern border of McKean County, which reached even
higher elevations. It poured into Allegheny Valley with more or
less deep and broad trenching at 1,494, at 1,600, at 1,602, and at
2,008 feet, and over the Potter County Highlands at 2,174, at 2,228,
and at 2,252 feet.

The Big Bend Ponding poured over the McKean County High-
lands at many places, as can be noted from the proximity of the
feeders of the Allegheny and the Clarion on that plateau—the head-
waters of several being about 300 feet apart. The greatest de-
livery on the east was through the deep trench at Keating Summit
with bottom at 1,878 feet into the Sinnemahoning. Torrents came
across into the feeders of the Clarion, as will be noted below. A
strong flow came into the headwaters of the old Conewango: suf-
ficient to keep the flow from Warren to Barnes ponded between
Clarendon and Sheffield, and to prevent the slightest bit of glacial
outwash to pass over the Barnes col into the Tionesta River. The
Keating trench, and passes at Clermont, Glad Run and Kane, have
been described above. These were the most important; but there
seems to have been a general movement across the plateau when the
margin of the main trunk of the glacier reached Big Bend, and the
Genesee-Sinnemahoning lobe closed the trench at Keating, Wil-
liams describes the results® in the bars, high terraces, and areas of
sporadic gravels in the Sinnemahoning and Clarion basins, and, as
at Clermont, even on the plateau. Carll" reports 43 feet of strati-
fied glacial outwash in the headwaters of the West Branch of
Clarion River. The floods seem to have carried ice-cakes, as we
find boulders in the stratified gravels along the Instanter Branch of
that stream.

It is Leverett, however, who describes, p. 129,2 the tremendous
trenching of these floods from Big Bend Ponding, with their great
elevation :

At the mouth of the Clarion a broad gradation plain comes in from this
(Clarion) valley and continues down the Allegheny to its mouth. This has

been trenched to a depth of about 200 feet below the level of the old rock
floor. The trench or inner valley iz usually about one half mile in width.
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though it increases to nearly a mile near the mouth of the stream. At the
level of the gradation plan there is a general width of about 1 mile. This
gradation plain is capped by a deposit of sand and gravel, with an average
thickness of perhaps 40 feet, that serves to accentuate the terrace-like appear-
ance, for it fills up small trenches that have been cut in the gradation plain
prior to the gravel filling.

This statement, and the description of the preglacial Clarion
above, prove that the Clarion was the preglacial dominant stream in
Western Pennsylvania. The above trenching cut its rock floor so
far below those of its affluents that they are strongly refreshed for
a few miles from their mouths, and seem to leap into it. This ap-
plies also to the Allegheny. The recency of the Clarion trenching
is indicated both by the freshness and steepness of its rock walls,
Leverett concludes his description of this trench with the words:

It is hardly necessary to state that just above the level of this gradation
plain the bluffs are far more worn and receding than in the inner or canyon
valley lying below it.

This freshness of the Mississippian-Pennsylvanian measures
along the Allegheny is paralleled in the denser outcraps of the
same in the Anthracite basins—notably at Morea. Fig. 10 shows
that the resistance of the anthracite bed is greater than that of the
top rock, and Dr. Kiefer’s analyses® tell that the carbon ratio (38.37)
of the beautifully polished surface was the highest of all the sam-
ples: that samples taken 6o feet below the surface came next with
38.20, and the mealed anthracite, ground up by the ice and found
directly against the polished surface and below & feet of gravelly
drift, showed 11.05 and 11.18. This is vastly different from the
“black dirt” of an unglaciated outcrop with its low ratio of 1.23.
Dr. Barrell® reported, in strength tests:

Samples near the surface of North Crop are as strong, if not stronger,
than those at a depth of 55 feet. Sample No. 3 taken 250 feet below surface
was an especially hard, solid piece of coal, and gave fairly uniform results;
but its average is not different from that of the more fissile samples taken at
the North Crop.

This bears upon the finding of fresh pieces in the Kansan
gravels, and especially of crystallines from the preglacial surface
which were given the usual concentric shells of weathering before
incorporation in the glacier; but which have been irregularly gla-
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ciated, like the cobble under the arrow in Fig. 11, which has been
cut on the right side until the fresh, white nucleus shows. These
facts force us to choose between a slowness of rock decay since
Kansan times that seems negligible, or a recency of that time; as

Fic. 11. Crystallines from South Warren terrace-bar, showing mixture
of decayed and fresh pieces. Cobble under arrow has fresh (white) nucleus
exposed by rolling.

the trenching of the Clarion and the deposit of these fresh rocks
occurred when the glacier had spent its maximum strength in sur-
mounting the Pennsylyania Highlands. ~Thereafter began its stag-
nation and wasting about Warren.

TaoMmpson PoNpDING.

Elevation at beginning 1,610 feet. The glactal margin had
spread over the entire Conewango Valley, and was over, or near
Thompson col. Grand Valley and Titusville were covered. The
water level about Warren rose over 100 feet, and into it tumbled the
torrent at work excavating Big Bend Col which, at first, had a fall
of over 650 feet, and, when the Thompson level was formed, con-
tinued with 500 feet of head. The glacial energy was gone and
there was no more advance over the Highlands.
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The torrential fall over Big Bend Col speedily tore a canyon
through the stagnant ice in the Conewango Valley as directly as pos-
sible to the Thompson outlet: removed the deposit of Comewango
Clay, Upper and Lower Indian Hollow Sands, and Clarendon Graz-
els from Glade to the mouth of Dutchman's Run (in the old Cone-
wango channel), and the scour operated so far up the valley of the
Run that it gave quickness to the sands in the formation at Stone-
ham, causing them to run out and the Clarendon Gravels there to
drop on top of the Conewango Clay. Williams has shown® that the
loss of the 100 feet of Indian Hollow Sands here, and so near the
apex of the gravels at Clarendon, at 1,513.32, permitted a shi fting
of the latter towards Stoneham, and a dropping from their probable
elevation of such a height above the crest of Thompson Col that
they prevented a return to the Barnes discharge until the former col
was trenched below 1,500.

In addition to opening a canyon through the stagnant ice in the
Conewango Valley, the Big Bend torrent cut off 1,000 feet of the
west end of the ridge between Morrison and Ott runs, and 1,500
feet to half a mile from the one between the latter and the old chan-
nel of Brokenstraw Creek, where it turned north to join the Cone-

Fic. 12. Early Big Bend gravels, Oakland bar, South Warren.
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wango.® The sheer walls of this cutting are shown along the rail-
road across the Allegheny from Glade. Inthis canyon were dropped
some of the deposits described below, and others were dropped after
the greater clearance of the glacier from the valley. Williams® has
called these the Early, the Middle, and the Late Big Bend Gravels
of the Late Fluviatile Period, as all the prominent deposits along
the Allegheny Valley are associated with ponding, and with deposi-
tion by currents passing through stagnant water.

All of these deposits show foreset bedding dipping towards
Thompson, and the earliest is the high, long, and narrow bar stand-
ing out into the level plain, on which Qakland Cemetery is situated,
south of Warren and of the Allegheny River. This is similar in

Fic. 13. Western end of South Warren terrace-bar, showing shaping before
deposition of Levereft clay.

appearance and origin to the bars in front of the gaps in Bald Eagle
Mountain (cf. Fig. 2). It is capped with iceberg clay, and its top
has the elevation of the Upper Indian Hollow Sands, 1,322 feet.
The old gravels in its composition are the Clarendon Gravels swept
from the valley of Brown's Run, from the area where the Cone-
wango channel was crossed by the torrent, and from that channel



PENNSYLVANIA AND DEPOSITS THEREIN. 75

for some distance towards Stoneham. They are smaller than the
average of the pieces at Indian Hollow and at Clarendon, as would
. be the case after such rough rearrangement, and they are mixed
with an equal proportion of local pieces eroded during the trench-
ing described above. (Figure 12.)

Fig. 13 is the end of a bar composed of the Middle and the
Late Big Bend Gravels, of lower elevation than the Oakland Cem-
etery bar. The worked-over crystallines in its composition are very
much comminuted and among them are rocks foreign to the Claren-
don Gravels; but found north of Big Bend. This indicates such a
trenching of the col there that the scour reached to the Kinzna
Creek bottom. There are also large pieces of local rocks—both old
and fresh—which are absent from the older gravels. It is capped
by iceberg clay, which is from 10 to 12 feet thick in places, and
varies from a clayey matrix to nearly clean silt as it nears the end
of this bar. The fizure shows the dropping of the bar-end to the
plain. This shaping and the decrease to one third of the thickness
one half mile east, shows the increase in the scour of the current,
as does the absence of the clay from the sandy cap. This latter was
dropped after the shaping, and can be seen at the level of the plain
across the country road. None of these Warren formations are
remnants of a complete valley filling afterwards excavated. This
closes the various pondings of the old Allegheny River.

Tiowesta PoNDINGS.
Emlenton-Foster Pondings.

Although the Emlenton Col is below that at Foster in the pres-
ent Allegheny Valley, it was the first to be trenched. Its original
elevation is inconsequential to this discussion, though it was below
1,500 feet, and probably between 1,430 and 1,480 feet, as shown by
beach lines about, and north of Warren. It is on account of these,
and of some sporadic gravels in the old West Sandy Valley that its
elevation is a matter of inferest.

Although the glacier crossed the mouth of the old Tionesta
River ages before it reached Franklin, and though there was prob-
ably ponding in its valley from an early date, the discharge was
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through a marginal canyon at a low elevation, and westward into the
ponding of the old Clarion, as there is such a rapid westward slope
of the region that only within twenty miles below Franklin, in the
old Tionesta Valley, do its valley crests fall below 1,400 feet. Thus,
though the ponded water may have been backed up the old West
Sandy Valley against the Emlenton Col for thousands of years, with
increasing depth, it did not flow over it until the glacial lobe passing
down the western border of Pennsylvania had cut off the escape of
the ponding at lower levels. As the side movement of a lobe-
margin up hill is slow in comparison with the onward one of its
front down or along a slope, it is safe to take even smaller figures
for yearly progress than those suggested by Dr. Upham'® at Toronto
in 1913, and take 15 feet per year as the average progress of a mar-
gin constantly scoured by a torrent, and 20 miles from the mouth
of old West Sandy Creek, as the position of the glacier when the
flow over Emlenton Col began. The margin must move 22 miles to
close that mouth, and with constant progress at the above speed
would require over 7,000 years before the Tionesta Ponding would
flow over Foster Col. As the trenching here is below present stream
level, and the stream flows over gravel, it is evident that another
long period intervened when the floods over Foster Col poured into
West Sandy Valley and over Emlenton Col, and before the former
col was fully trenched. We are now prepared to understand that,
long before this happened, the Emlenton Col and the portion of
West Sandy Valley between it and the Foster trench had been cut
down to their present levels. And yet there was a ponding of the
Tionesta against Emlenton Col after the Foster trench had been
fully sunk. There was thus a first and second Emlenton Ponding,
with the Foster Ponding as an episode between that reached far up
the old Tionesta. With the first we have no concern.

FosTEr PoNDING.

Elevation at beginning 1,500 feet. The trench walls on both
sides rise to this elevation. Reddish iceberg clay with scanty gravel
and cobbles is traced continuously to near this elevation on the hills
about Franklin and at Oil City. Just below this mark where the
country road from Franklin to Mays Mills dips down to Sandy
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Creek in a sandy wash, there was found a cobble of red granite with
quarry face and edges; but so pulverulent that it crumbled between
the fingers. In the same wash were pebbles of fresh crystallines.
These indicate deep ponding and floating ice. At Salamanca, Olean,
and other places along the old Allegheny Valley are broad terraces
at 1,500 feet. There are beach lines in the affluents of Kinzna
Creek at this elevation, and indications of ponding at this level about
Sheffield and Clarendon.

Seconp EmMLENTON PonDing.

The damming probably tock place between this place and Fox-
burg, where the stream passes through the ridge with crests above
1,500 feet. The elevation of the water was between 1,430 and 1,480
feet, as shown by washes, beach-lines, etc., in the vicinity and at OQil
City, Sheffield, and in some of the Kinzua affluents. At Roystone
there is a swampy fan running from 1,430 to 1,480 feet,

Our study will be limited to the sporadic gravels in the West
Sandy Creek Valley. These were thought to be remnants of a com-
plete valley filling, since excavated, as stated by G. F. Wright in
18g4.> This theory he abandoned—retaining however the idea of a .
complete valley trenching to the present rock floor before their depo-
sition. Leverett, in 1902,* held the same view as to the trenching;
but thought the gravels remnants of a complete filling.

There are three terraces of these gravels, and Leverett states:

In several places, notably at the bends of the river at Brandon, at a point
2 miles below Brandon, at Kennerdell, at Blacks (Winter Hill Station), and
at Emlenton, there are deposits on the face of the gorge extending from the
river's edge up to heights of 200 to 300 feet or more above the stream. The
occurrence of this gravel at low places can not be accounted for by creeping
or landslides, since in some places, notably at Kennerdell and 2 miles below
Brandon, the gravels show clearly by their situation and bedding that they
have not been disturbed since the stream deposited them,

The sole criticism is against the use of the word “gorge” for
the low slopes on which the gravels lie at Brandon and at Kenner-
dell. At the former the slope varies from 7 degrees at one end to
16 degrees where it ends: at the latter the slope is 10 degrees. As
would be the case when a torrent laden with glacial outwash trenches
so tortuous a valley as that of West Sandy Creek, there would be
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a working outwards on every curve, with the result of making the
bends more pronounced, and of making a steep stoss-side against
which the torrent would strike, and a low slope where scour did not
obtain. These gravels lie on these low slopes where scour did not
obtain during the trenching of the valley, and where it did not
obtain when the far slower current dropped the sands and gravels
that we are considering. Thus, though at Brandon and Kennerdell
the gravel-covered slopes are at the above low angles, the opposite,
or stoss sides of the valley rise almost from the stream edge at
angles of 45 degrees at Brandon, and of 42 degrees at Kennerdell.

From the above quotation we learn that the gravels are sporadic
and not continuous: that they have been disturbed by neither creep
nor landslide since their deposition and, since they extend *from
the river’s edge,” that the present channel was fully excavated
before their formation. Their appearance at Emlenton tells us
also that the col there was trenched to present stream level.

A consideration of the topography of the region is essential to
the discussion. In the Brandon-Kennerdell area the g4o-foot line
crosses the Allegheny stream-level 1 mile from the western end of
the trench at Foster, and the same distance west of Foster Station.
There is a 50-foot terrace of gravel at Foster. The gzo-foot line
crosses the stream where Pine Hill Run enters the northern horn of
the ox-bow bend above Kennerdell, and over 2 miles north of Ken-
nerdell Station. At the Run mouth there is a steep stoss-side to the
Allegheny Valley on the left, and against which the torrent strikes
almost at right angles. This side rises from stream-level at an angle
of 45 degrees, with but a slight shelf on which the railroad is built.
The opposite side of the valley has the usual low slope, with a fine
terrace, and a high bar like those above described. At the top of
the steep stoss side there is a narrow level crest of the ridge about
which the stream winds. The elevation is 1,400 feet for 2 miles
from the end. From this runs downward the low slope on which
the Kennerdell gravels are found. The goo-foot line crosses the
stream 1 mile south of the southern horn of the Kennerdell ox-bow.
The gravels at Brandon come down to the level of 930 feet; at Ken-
nerdell, about to 914 feet.

The effect of the torrent from Foster upon the opposing valley
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wall of West Sandy Creek, where a sharp ox-bow curve was made
to turn it upon itself in order to pass to Emlenton, is seen in the
great valley width, which is six times that at Kennerdell. With but
slight narrowing this width extends southward to Brandon. If
ponding obtained hereabouts it is evident that the velocity of the
current through it must have been proportionally slower at Brandon
than at Kennerdell. That there was ponding is shown by the clas-
sification of the pieces in the glacial outwash, and by the iceberg
clay capping.

There are larger pieces in the Brandon gravel than in that at
Kennerdell, and the silty cap at the former is 8 feet thick, against
the 2 feet at the latter, measured at the same distance above the
stream. The smaller sizes are also carried to a higher elevation at
Brandon. The slower current there would produce a more profound
slackness of the water in sheltered areas than at Kennerdell, and
there would be less movement of the surface. It has been noted
that the shoulder of the ridge which holds the Kennerdell gravels
rises to 1,400 feet for 2 miles form its end. That which sheltered
the area at Brandon rose slightly above an average of 1,450 feet,
and in one place above 1,500 feet. The level of ponding was be-
tween 1,430 and 1,480 feet. The stream flowed through this along
the broader channel above Brandon, and parallel to the axis of the
ridge just described, which rose to or above the surface of the water.
At Kennerdell, on the contrary, as the current swept about the bend
where Pine Hill Run enters, it struck squarely against the stoss side
of the ridge which shelters the Kennerdell area, and its upper 30 to
80 feet crossed that area directly. Only its profound depths would
be suitable for deposition.

We are now prepared to appreciate why the coarse gravel ex-
tends at Brandon between 930 and 1,200 feet: at Kennerdell, be-
tween 915 and 1,000 feet. The fine gravel with 5o per cent. of
silt, which tells of a slacker water, extends at Brandon between
1,200 and 1,300 feet: at Kennerdell, between 1,000 and 1,200 feet.
The wave-action upon the thin drift sheet is marked at Brandon up
to 1,400 feet; at Kennerdell all above 1,300 feet is swept away.
Lastly, the iceberg silt, which caps everything, and which marks
the slowness of the current at this end of the wasting of the Kan-
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san glacier, is very sandy and, as stated above, is 8 feet thick at
track level at Brandon; 2 feet thick at same level at Kennerdell.
These two places are indicated on Fig. 4 by the blunt arrows oppo-
site the letters (NI in the name West Sandy Creek.

[
:
¥
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Fic. 14. Drift overlaid by assorted gravels, Brandon,

It is generally acknowledged that the glacial margin lay at or
just east of the Allegheny Valley at these places. Figs. 14 and 15
were taken at track level, and thus at the same distance above stream
level. The former shows drift overlaid by gravel at Brandon. The
drift here is spared in the more sheltered area. The latter shows
the entire thickness of the gravel at Kennerdell overlaid by the 2
feet of sandy iceberg capping.

These are no remnants of a complete valley filling. The only
example of this exists in the abandoned part of the valley of West
Sandy Creek between Polk and its mouth at Takitezy. Its highest
point is near Niles, just below 1,160 feet. These gravels are like
similar ones dropped in the quiet areas behind the protecting
shoulders of ridges about which the stream winds. The only in-
teresting point about them is that they seem to have been the ex-
piring effort of the wasting Kansan glacier in the Allegheny-
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Tionesta basins. When the ice-dam immediately below Emlenton
was finally broken there was no renewal of ponding at such an
elevation.

Fic. 15. Thinness of Leverett clay over assorted gravels, Kennerdell,

CrarioNn PoNDING.

The margin of the Kansan glacier covered the mouth of Clarion
River. The highest elevation of overwash gravel there is 1,230
feet; the highest point of the thin drift is at least up to 1,400 feet.
In this are coal flakes carried above the outcrop, fresh fossiliferous
Chemung, fresh black gneiss, and completely decayed basalt. The
entire valley of the reconstructed Allegheny from its source to Fox-
burg was beneath Kansan ice.

The sporadic deposits in this ponding vary in elevation on either
side of the stream at a given point, just as they do to the north.
Opposite Indian Hollow, on the hill at Warren, there are no gravels
of Kansan origin. At Tidioute there is 120 feet of difference in the
gravel tops; at Foxburg, 100 feet.

There is also a difference in the character of the gravels on oppo-
site sides of the stream. At Red Bank the west side shows a narrow
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valley and a slope washed by the scour; more assortment of the
gravel: not so many glaciated boulders of large size. The east side
shows a wide valley and protection from current; more mixture of
the gravel: many large glaciated boulders.

The pending here was at least 200 feet below that above Emlen-
ton, and high gravel ridges are found in the slack areas behind pro-
jecting shoulders of the high bluffs about which the current wound
through the ponding. There are three such near Monterey, at vary-
ing elevations.

The iceberg clay is again the deciding factor. At the last named
place it is 10 feet thick and with large boulders. The same are at
Blairsville Intersection, at Red Bank Junction, at Fairmount, and
they run to the tops of the ridges under conditions that show that
they are not a subsequent wash. The Kiskiminetas Valley, and that
of Red Bank Creek show terraces, bars, rock masses as large as a
small house, in clay with boulders and local gravel of sorts, and all
unite to tell of ponding in which Kansan gravels were dropped.

CoNCLUSION.

The surface of Northwestern Pennsylvania resembles that of a
flat and much etched cone, with axis at Kane, and a fall of 1,000
feet to Foxburg in 42 miles on a southwest course. The Kansan
glacial margin spread southwestward about this apex and lay about
in the meridian when it crossed the mouth of Clarion River. The
passage of the lobe southward along the western border of Penn-
sylvania seems to have relaxed the activity of the portion capping
the Highlands of the state. The discharge was along the marginal
canyon between the glacier and the rising surface to the Alleghany
uplift. This canyon rested at times across the watersheds at Big
Bend, Thompson, Titusville, Foster and Emlenton, and induced
such depth of trenching of cols that the subsequent ponding was
able to complete the work.

The clearance of the region from the Kansan glacier began at
the McKean-Potter Highlands in the Conewango Valley about
Warren. The trenching of the canyon therein was accompanied by
the settlement of the ice towards that valley trough, and the calving
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of bergs into the torrent passing through. These grounded and
packed wherever a chance offered, and there were many chances in
so tortuous a valley. Pondings occurred after cols were degraded,
and as a finishing clearance from the wasting glacier, the final ice-
dams were comparatively feeble and against weak currents which
brought the last of the washings of the thin drift sheet, and floated
the remnants of the ice-cakes to form the clayey-sandy-silty cap-
ping which covers everything below the ponding level.

Because the ponding from the untrenched cols extends north-
ward at high levels, and because we find this universal capping, it
does not follow that the boulder clay was dropped everywhere at
the same time. Its wide variations between clay, silt, and sand, as
well as the great difference in size of the cobbles and boulders in-
cluded, prove that in each portion of the Allegheny Valley it was
merely the final episode of the clearance of that portion, and as the
ice-dam at a given point was finally carried away, whatever pond-
ing extended over that point was from a lower dam to the south.

This is proved to have been the case in the Allegheny Valley.
The ice-dam just below Emlenton was not the sole one in that
valley. Those to the north would be formed between walls reach-
ing to a higher elevation: those to the south to a lower one. The
sporadic deposits would be carried to elevations averaging above or
below a theoretical gradation plain ; but with wide variations there-
from on opposite sides of the valley at a given point that would not
obtain ih a complete valley filling. There is more adherence to such
a gradation plain in the glacial outwash in the Juniata, as shown by
the extension of the river terrace up the valleys of the affluents, and
the strictness of the average elevation of 80 feet above present
stream level. Tt is safe to conclude that the Kansan gravels in the
valleys of the Lehigh, the Susquehanna, the Juniata, and the Alle-
gheny were dropped and sealed in their present shapes during the
final clearance from the Kansan glacier. There was no complete
valley filling.

It seems also that this conclusion can be extended to gravels of
uncertain or disputed origin in this and other countries. We have
seen valleys never touched by the glacier, but adjacent thereto, and
separated by a high watershed therefrom, invaded by torrential
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flows which made deep trenches, and deposited stratified outwash
and local gravels, as along the Juniata and the Clarion. It is per-
missible to ask whether these uncertain gravels, which are in un-
glaciated areas, but contiguous to possible glacial pondings, may not
have had an origin similar to those under consideration. :
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THE PARALLAXES OF FIFTY STARS (SECOND LIST)
DETERMINED AT SPROUL OBSERVATORY.

By JOHN A. MILLER,
WITH THE COOPERATION OF

JOHN H. PITMAN axp HANNAH B. STEELE.

(Read December 5, 1019.)

I have given in the following pages the data of observation, the
data of reduction and the reductions necessary to determine the
parallaxes of fifty stars. It seems unnecessary to describe either
the instruments or the methods employed in the work, further than
to say that the intsruments used are the same that were used in de-
termining the parallaxes of the first list published by the observatory
in 1917 (Sproul Observatory Publication No. 4). The fields are
photographed with a 24-inch visually corrected refracting telescope
on Instantaneous Isochromatic plates. A ray filter which cuts off
the violet and the red rays is placed very near the plate. These
plates are measured and reduced as described in the publication re-
ferred to. The scale on the plate is 47.685 to the quarter millimeter,
the value of one turn of the screw on the measuring engine.

These results have been obtained through the efforts of several
persons. The work has been done according to plans of the writer.
Those participating in the work are: Professor John H. Pitman,
Miss Hannah B. Steele, Dr. Samuel G. Barton, Reverend Walter A.
Matos, Miss Marie S. Bender, and Miss Caroline H. Smedley. No
one of us has been free to devote his entire time to jt. I believe, in
the body of the text, I have given specific credit to each for the part
of the work he has performed. The reductions and many of the
measures, as well as the routine work of marking the plates and
keeping the records was performed by Miss Steele until 1916 when
she went to Yerkes Observatory. Miss Bender did this work the
following year and Miss Smedley, since the summer of 1917, has
given much of her energies to the same work.

Some of the fields of comparison stars have been selected in ac-
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cordance with the scheme described in Sprou!l Publication No. 4, (p.
10 et seq.). Other fields have been selected in the usual way, 1.2,
the comparison stars were selected because of their location and
brightness, the ideal being in every case to select stars of approxi-
mately the same brightness and to reduce the parallax star to the
same magnitude by the occulting disc. In the final table of this
paper, which contains a summary of the preceding results, I have
marked with an asterisk those stars whose comparison fields were
selected by the first method. I propose a little later to discuss more
fully our experience with this method. In the detailed results which
fallow there is given for each star its B.D. number together with
some other ordinarily used designations; its position for the epoch
of 1000; its magnitude; its proper motion; and its spectrum. The
magnitude and spectrum are taken if possible from the Annals of
the Harvard Céllege Observatory, Volume 50. The proper motions
are taken, with few exceptions from Boss' Preliminary General
Catalogue, or from the Cincinnati publications.

Two tables are given in connection with each star. The first con-
tains the necessary observational data, and the quantities needed for
reduction. The initials in columns 2 and 9, have the following sig-
nification : B. denotes Barton ; Be., Bender; M., Miller; Ma., Matos ;
P., Pitman; S., Miss Steele ; Sm., Miss Smedley. T., in column 4, is
the time of observation given in 100 days from the mean date of the
series; m., in column 6, is the * solution” of the plate given in quar-
ter-millimeters ; p., in column 7, is the weight of the plate assigned
by the person who measures it. The second table contains the data
for the position of the comparison stars measured in equatorial co-
ordinates, the diameter of the stars in quarter-millimeters, and their
B.D. numbers. _ Following this table are the normal equations and
their solutions. The quantity p in these equations is the proper
motion given in seconds of arc per hundred days. The guantity, =,
is the relafive parallar.

An appropriation made from the income of a fund given by
James C. Watson for Astronomical Research, has been made to me
by the National Academy of Sciences for three successive years.
These appropriations have been used to aid in the measurements and
reduction of these plates, It is a pleasure to acknowledge these gen-
erous contributions from the Academy.
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No. 1. B.D.—4°62. Ho. 212=13 Ceti. (0" 31™1;—4° g'.)
Mag. 5.24. p=o0"0272;—0".018. Spectrum F.

Ho. 212 is a triple star, the measures below refer to the close
pair A B, which is a binary system with a period of 6.88 years. The
combined image of the pair is sensibly round, and in the measures
this image was bisected. It was measured in right ascension. Rus-
sell found for this star a hypothetical parallax of 4 0".039. The
brighter image, A, has been fpund to be a spectroscopic binary.

Hour Tima in Parallax
Date. Angle. Obs. 100 Days, Factor, Solution, Wt, Res, Mess
h m T 2. . £ v, ured by,
Nov. 17, 1015... 40 8 P. —625 —o066 o123 1.0 Jooos P,
Dec. 4, 1015... 1 2 Ma  6GoB B 25 = ooh Pl
Nov. 10, 1016... 4025 M. —zz7 —ofg 237 g —ooig P
Dec. 10, 1916. .. 042 M. 2,36 B3 232 1.0 006 P
Aug. 19, 1917... 4015 P. Joi6 Job6z 300 10 —ooo3z P
Aug. 25, 1017... o 50 M. 022 .54 316 b5 008 P
Aug. 27, 17... —1 15 P, 0.24 52 304 10 +4ooo3 P
Aug. 27, 1917... o3 P 024 .52 303 7 o083 P
Nov, 5, m17... —o12 M, Jog4 —052 3 5 =+oo004 P.
Nov. 235 1017... 4045 ML I.14 75 S22 4 —ooos P.
Dec. 22, 1017... o o Ma 141 B 316 .5 oooy P.
Jan. 1, 1n8... 110 M. L.5I g0 ° 318 5 008 P.
Ang. 14, 18... Jo015 Ma 356 o 400 .90 oooo P.
Aug. =22, 1018... ow D 3.84 58 393 5 4oo008 P
Aug. 22 1018... 1 5 D 384 58 406 8 —poos P.

Normal Equations:
+ ILI0000 ¢ — 1.4170p— 1.0340w==— 3.2417.
+103.5200 -+ 13.0030 =+ 23872
+ 51344 =- .oB4rL.
Solution: c=-}0".206.
p=-+0".121 * 0".00z2,
r=—-1 0".048 = 0".010.
p. e. unit weight, = o".019.

COMPARISON STARS.

No. X. ¥. Dependence.  Diameter. B. D, Xo.
z +138.3 — 977 +0.326 047
4 2634 51.9 -197 0.40
T i | L1810 TG 045

10 140.7 61.5 234 0.37

12 271.0 108.3 224 0.50

= 0.0 0.0 o.67 —4° 2
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No.2. B.D.37°.175. @ Andromedae. (o" 51™.2;+ 37° 57
Mag. 3.94. p=0"%"0128;+ 0".027. Spectrum A..
This is one of the first type stars with large proper motion.
Slocum ohtained 0"”.005 = 0".007 for its parallax. The measures
were made in longitude.

Hour Time in Parallax
Date. Angle. Obs. 100 Days, Factor, Solution, Wt, [Hes, DMeas
h. m. T- P, . F . ured by
Dec. 7, 1012... o o0 5 —730—07%F 53 B oo S
Dec. o, 1g12... +0 4 B. =28 J51 o6 8 —oo00z 5
Aug. =1, 1914... +020 P. —108 fofj0 0137 8 —o002 5.
Sept. 5, 1914... oIo P. 003 713 41 10 o6 S,

Nov. 2o, 1914... —0 41 P. —0I17 —0401 o121 g o003 S.
Nov. 22, 1914. .- 045 M. oI5 522 a28 g9 —ooo0s S.
Aug. 17, 1015... —o 40 P. 253 0005 +-0.130 8 +oo018 S
Avg. 22, 1915... +0 4 P 258  B63 A55 Lo 0000 S
Aug. =23, 115... —o 3 P 250 Bss d57 10 —oo02 S,
Aung. 25, 1915... o4 P, 261 836 52 1o o003 S.
Sept. 2 1015... ©038 P 260 751 J50 Lo o005 S,

5.

Dec. 3t 1985... —0 7 P. 3By —opn Ho0I55 9 —0om

Normal Equations:
+10000c+ 2.249p+ 2.5057= -+ 1.425.
+ 133027 + 14570 = 1.459.
+ 6.624 =-+o0482.
Solution:
c=-+ o".128.
p=-+0".038 * 0".003.
r=—-0".032 = 0".013.
p- &. unit weight, + 0".028.

CoMPARISON STARS.

No. X. Y. Dependence.  Diameter. B. D. No.
3 +zz228 4636 40100 o.61 4377179
5 0.6 —53.3 -349 0.36
7 — 544 4382 154 0.77 +37°.174
9 250.0 —686 301 0.74 +37°.168
= 10.5 17.4 10T 37175
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No. 3. B.D. 4 46°.243. OZ z1. (0" 57™.3; + 46° 50".)

Mag. 6.36. p— -} 0".068 in 104°.5. Spectrum F.

This is a close double star, which is, apparently, in rapid orbital
motion. The measures are in longitude. No parallax of this star
has been published.

Date.

15, 1015, ..
22, 1615...

19,
25,
i1,

1010, ..
1916. ..
1916. ..

17, 1016, ..
1916. ..
6, 1017...

4, 1917. ..
5 I0IF...
10, IQ17. ..

Hour
Angle.
h m

0 2

_05

!

bl-lé CIQL {Lt

A2E wno B

Normal Equations:
+9.8000¢ + 1.0110p + 1.5272 7=+ 0.0466.
+ 37.6547 +8.12499 =4 0.2262.

+ 7.5985 =+ 0.1830.

Solutions:

Time in Parallax

Ohs. 100 Daya, Factor, Solution,
T . ",
P. —337 —0736 o083
P. 3-30 B 078
P. —0.89 40034 103
Ma. o83 8% 002
P. obb 714 005
M. o031 —of67 04
Ma. c37y  Bz8 100
Ma. .51 033 01
M., 4261 41004 000
P. 262 1.002 102
Ma. 267 0085 108

c=-1 o0".0g6.
p=-+0a".015 + 0".003.
==+ 0".007 = 0".008.

p. e. unit weight, &+ 0”.018,

No. X.
5 + 634
8 203.5
15 —244.6
18 31.9
0.0

CoMPARISON STARS.

Y. Dependence. Diameter,
—ahz.3 +o.283 047
11.2 246 0.55
-+ 906 240 0.56
246.0 222 0,68
0.0 0.56

Wi, Res, Meas
- . ured by.

7 “o.oo1 Be

—008
~+0.003

LD

Be.

Sm.
1.0

Be.
1.0 004
9 -0.005

~+0.007

Be.
Sm.

L0 —0002 Sm.

B. D, No.

+46°-249
+46°231

46”243
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No. 4. B.D.+ 54°.236. © Cassiopeia. (1" 57.0;+ 54" 37’.)
Mag. 4.52. p=--0%.0264; —0".018. Spectrum A
The measures were in longitude. This is a first type star with
large proper motion. Jacoby gives a parallax of 0".234 = 0".067
for this star.

Hour Time in Parallax
Date Angle. Obs 100 Days, Factor, Solution, Wr, Hes,, Meas-
h. m. T L3 m. P w. ured by.

—876 —0.431 —0014 L
852 .78 013

Nov. 30, 1912... —0 50
Dec. 24, 1012... 0 21

—r1.11 41000 —0.035
I14 0001 D51

0001
—0.004
003

B.
B.
Ang. 14 1015... —o0 2z P
Aug. 17, 19I5... o2 P
Aug. 18, 1015... o018 P ris 987 052
Ang, 23, 1915... o020 P. 120 004 055
Aug. 25, 1015... —0 14 P. 1.22 A5 OS5I E
P ~+0.004
2] -+0.002
P
M.
S.

Sept. 2, 1915... 0 4 1.30 Lob D50

Dec. 30, 1I015... 40 7
Dec. 31, 1915... o 12
Jan. 4, 1916... o 16
Jan. 7, 1016... o 6

+2.40 —081r —o0.061
2,50 Bz2 060
z54 858 o556 6 —oo02
257 BBz w54 7 004

bt bkudo Wb
Mpwtn mpnnn N

Normal Equations:
g.500c— 1.603p+ 1.334 = =—0.450.

+ 152905 +77 =—0.539
-+ 7.214 =——0.100,
Solution:
c=—0".049.
p=—o0".019 = 0".001.
»=——0".003 = 0".003.

Pp. e. unit weight, & 0”.000.

CoMPARISON STARS.

No. X. ¥. Dependence.  Diameter. B. D. No.
2 —152.8 + 285 —+0.751 o038

3 55.5 717 —0.235 o.27

5 + 45.3 6.0 0h5 0.23

7 163.0 —107.1 +0.540 024

T — 152 547 0.38 +354" 236
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No. 5. B.D.-} 49°.444. ¢ Persei (1" 377.4; 4 50° 11".)

Mag. 4.19. p=— - 0%002G;

o".018. Spectrum Bp.

This star is a spectroscopic binary. The measures are in right
ascension. No parallax of this star has been published.

Time in

Parallax

Date. Obs. 100 Days, Factor, Solution, Wt, FRea, Meas
h m. T P. . # v. ured by.
Nov, 17, 1g15... —020 P. —330 —043 —0.054 [0 0000 Be
Nov. 26, 1015... +0 8 P. 32t .56 041 .0 —o0005 Be.
Nov. 28 1015... —0 27 5. 319 .58 oo B 006 - Sm
Aug. 19, 1016... —0 38 P. —o34 Jofi .43 90 —0006 Be
Sept. o, 1916, . P. 0.33 58 052 0 “4oooz Be
Sept. 11, 1916... oz P. 0.31 57 055 H 004 Sm.
Dec. 10, 1916... +o 12 M. Jdosp —o72 il B +4ooor Be
Dec. 14, 1016... —026 M, 0.63 57 063 B 003 Be
Dec. 16, 1916... 40 o Ma. of5 g8 052 .5 —0.008 Sm.
Aug. 5 117... —1 32 P. 297 o001 b3 65 ooy Sm.
Aug. 12, 1017... P. 3.04 Bz o6z 1.0 001 Sm.
Aug. 13, 1917... 1 3.05 86 058 Lo —o003 Sm.
Normal Equations:
4+ 9.8000c— 0.5370 1+ 0.8890 r=—0.5236.
+53.3660 +9.7531 =—0.1134.
<4 50110 ——0.0500.
Solution:
c—=—o0".054.
p=—0"016 + 0".003.
r=—-+ 0".021 = 0".010.
p. e. unit weight, == 0".017.
CoMPARISON STARS,
¥o. x V. Dependence. Diameter. B, D. No
1 —I1G1.0 42008 +0.214 0.52 <+z0" 330
6 + 702 777 =2 04
10 192.2 228 224 0.40 +4-40° 450
14 858 —220.3 180 0.40 +40° 446
20 —204.1 160.2 .1t 0.24 +49° 437
= 00 0.0 0.53 +49°444




Dee.
Dec.
Jan.

Aug,
Sept.
Sept.

Dec.
Dec.
Jan.

Aug,
Aug,

MILLER—PARATLAXES OF FIFTY STARS.

No. 6. B.D.+ 1°.347. = 186. (1* so™7;-+ 1° 21)
Mag. 6.18, p= -+ o".o105;+ 0".182. Spectrum F.

This is a binary of long period. The combined image of the two
components was bisected in making the measures. The image is sen-
sibly round. The measures are in longitude. Russell publishes a
hypothetical parallax of 0”.025 for this star.

Hour

Date, Angle,

b =

26, 1015... -0 46
a1, 19I5. .. 0 5
4, 1016, .. 0 21

13, 1916... —o0 46
3, 1916... 40 42

16, 1916... o 34
10, 1916... =0 52
19, 1916, .. o 58
16, 1917... —O0 22
25, 1I917... —0 42
27, 1917... o 18

Normal Equations:
+ 8.3000¢+ 2.5050p—0.8702 x=-+ 0.1327.
+ 39.0238 + 80608 =+ 0.5638.
4 6.0056 =<4 0.1384.

Solution:

M.

2

K EEE EED

Time in Parallax

Obs. 100 Days, Factor,
T- P.
—z.80 —0012

275 G40

271 o2
—0.40 + 917
o28 700
oI5  .532
+o50 — 781
+o79 B3
+1.07 oy
+3.28 + Bz
330 oz

™

p. €. unit weight, = o".013.

N

oo =D

_IM
+210.5
'3 i
120.8
0.0

CoMPARISON STARS.
Dependence. Diameter.

¥.
—i1839

c=-+0".013
p=-+0".055 = 0".003.
= + u”m =+ o".00b.

+o.328
d44
307
=21

Solution,
il

—0.027
024
033

0014
014
D23

—+0.011
022
016

-+o.064
054

0,52
0.47
o.61
0.41
o8z

We, BRes,
P L
—0.001

L0g
-+-0.005
40,001

D02
—0.007

~o.003
—000F
0,001
—0.005
0,005

Béind b b et d

.0

B. D. No.
+0°.308
+0°.314
+1°.348

+1°350

+1°.347

Meas-

ured by.

Sm.
Sm.

Be.
Be,
Sm

Be.
Sm
Be.

Sm.
Sm
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No. 7. B.D.+ 41°.395. %' (A) and y* (BC) Andromedae.
(1" 57™.8; 4 41° 51.) Mag. 2.28 — 5.08,
e -+ 0".0042; —o0".052. Spectrum K.
s L 1 1.

The measures are in longitude. BC is a binary with a period of
about 55 years. Flint found the parallax of y* to be —o".015 %
0".027, Chase, 0”.000 = 0".009, Russell (Hypothetical), + o".015.
The same comparison field is used for 4* and for +*

TaArLE AXD SovvTionNs For %1 (A) ANDROMEDAE.

Hour Time in Parallax
Date. Angle, Obs. 100 Days, Factor, Solation, Wt., Res., Meas-

h m T. P. m. P . ured by.
Aug. 13 1016... —0z0 P —220 41002 0102 B —oo0g4 P.
Aupg. 17, 1010... oo P z.10  0.000 200 0 o1z Bl
Sept. 17, 1916.., ao45 P 1.85 F46 Jgo 9 ooz P
Sept. 17, 1016... o= P. 185 746 a76 o9 +ooiz P
Sept. 20, 1g16... o o Ma 182 J09 J70 1.0 o8 P
Dec. 19, 1916... o o M —ogz—o0b02 104 —oo008 P.
Jan. = 1o017... 40 6 M, o78 B4 o6 1 o010 P
Jan. 6, 1017... —0 8 Ma. o074 B a76 +o0010 P.
Jan, 8, 1gi7... ox P o7z Soz 188 —o00z2 P,
Aug. 5 1017... —1 8 P. 137 o4 170 0,024
Aug. 12, I917... o6 P 1.44 1005 226

Aug. 206, 1917. .- 0 57 1.58 o046 200

P
Dec. 30, 1917... 40 4 M. 4284 —ofi12 200
Jan. 5, 1g18... —o 12 Ma 200 866 207
Jan. 13, 1018... 40 1 M. 208 924 190

win b b Wi Wb
$
5

Normal Equations:

4+ 12.0000c— 1.2030p 1+ L4452 7=+ 2.3132.
+ 4365535 —8.0880 =—o0.009z2.
+9.0078 =4 0.2846.
Solution:
c=-1o".193.
p=-+0".020 = 0".006.
==+ o".021 = 0".014.

p. e. unit weight, = 0".037.
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CoMPARISON STARS.

N X. Y. Dependence. Diameter. B. D. No.

3 — 714 —141.0 +-0.250 0.56

6 + 753 “+183.1 240 0.64 +41%.300

0] 163.6 —I10.1 056 044

12 — 929 36.3 319 0.41

14 41758 + 746 117 042

1 0.0 0.0 1.01 417305

Tapce axp SorLuTions For ¥* (B) ANDROMEDAE
Hour Time in Parallax
Date, Angle. Obs. ioo Days, Factor, Solution, Wt, Rex, Meas-
h. m : v g ! . P v. tred by.

Aug. 13, 1p16... —0 20 P. —azi11 41002 —o048 10 —0.007 P
Aug. 17, 1916... oo P 207 0.000 052 9 ooy P.
Sept. 17, 1916... o045 P. 76  .74b 053 .5 oot P
Sept. 17, 1916... w022 P. 176 746 o6 o ooz P
Sept. 20, 1916... o o Ma .73 .F0D o066 B o1z P
Dec. 19, 1910... o 0o M 083 —ob02 054 B8 oooo P
Jan. 2, 1917... +0 6 M. o6y B4z o046 25 —oooB P
Jan. 6, 1917... —0 8 Ma. 0,635 By 050 B o084 P
Jan. 8 mi7... oz P. ‘o063 82 054 7 o000 P
Aug. 12, 1017... —o0 46 P. 153 +1.003 044 o —oo03 P.
Ang, 26, 1017... o7 P 1.67 o046 o4 7 o086 P
Dec. 30, 1017... 40 4 M. 203 —0.812 055 8 ooog P
Jan. &, 1giS... —o 1z Ma. 290 566 042 5 —ooo4 P
Jan. 13 1918... 40 1 M. 307 024 o7 B J4ooor P
Normal Equations:

Solution:

+ 10.8000 ¢ — 1.0880 u 4 0.7806 * —=—0.5576.

+ 304766 —8.0400 =+ 0.1320.

+ 82397 =—o0.0484.

c=—o".051.
p=- o".010 = 0".004.
==} o".005 = 0".008.

p. e. unit weight, == 0".0z21.
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CoMPARISON STARS,

No. X ¥. ©  Dependence. Diameter. E. D. No.
3 — 716 —141.0 +0.255 036
6 + 753 +183.1 251 064 “+41°.300
10 ° 163.6 —I10.I 050 .44
12 — 029 363 314 0.41
14 +173.8 + 746 a21 0.42
52 29 1.0 0.47

No. 8. B.D. 4 67°%191. Bradley 3227. (2" 77.5;+67° 13.)
Mag. 7.8. u= + 0%.0902; — 0".290. Spectrum K.
The measures of this star were made in longitude. Smith-Elkin
found (Heliometer) a parallax for this star of +0".00 = 0".041.
Adams found a parallax for it (Spectroscopic) of 1 0".044.

Hour Time in Parallax

Date. Angle. Obs 100 Days, Factor, Solution, Wi, Res, Meas

h m T ot . . r. ured by.

Sept. 10, 1915... 027 Ma. —433 40957 —0.103 9 —OO04 Be.
Sept. 13, 1915... —0 16 P. 430 539 a8 10 -+oooz Be.
Sept. 15, 1915... osz P 428 g2 195 0 —oo01 Be,
Sept. 16, 1015... o 2 M. 427 - o8 208 10 Joo012 Be
Dec. 30, 1915... —0I0 5. —322 —ob15 184 o —ooof Be
Sept. 17, I016... —+01ec P. —o.b0 40005 gz & —ooir Be
Oct. 7, 1016... 034 M 0.40 JFOL a6 .5 Sooo; Be
Oct. 10, 1916... —0 14 P. 0.37 663 24 9 o003 Be.
Jan. 8 1m17... 40 4 P. 4053 —0739 a6 5 —oooz Be
Jan. 12, 1917... —o 8§ P. 057 782 128 1o <oowo Be
Jan. 12, 1017... +o1g P, a5y g8 103 B —oo135 Be
Jan. 16, 1917... o1z M, 0,61 Bog Job .5 012 Be.
Jan. 30, 1017... o036 P. o075 932 Ja26 1o 40010 Be.
Sept. 12, 1017... 40 2 Ma. 300 0042 044 g —0000 5Sm.
Sept 19, 1017... o2z Ma. 397 Loz 047 .5 003 Sm.
Jan. 5 1giB... 4013 Ma 415 —0J00 030 0 0 Joory Sm.
Jan. 1o, 1918... o 2 M 420 .59 o046 9 o001 Sm.
Jan. 20, 1918... —0 1 M. 430 B3 037 o — 007 Sm.

Normal Equations: ~
+ 14.7000¢c— 2.9600p+ 0.1763 r=—1.8337.
+ 141.4308 —21.4438 =+ 29503.

4 10,1634 =—0.3384.
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Solution: c=—uo".121.
np=-+0".004 = 0".003.
===-0".052 =+ 0".010.
p. €. unit weéigth, = 0".026.

CoMPARISON STARS.

Ko X. ¥, Dependence.  Diameter. B. D, No.
1 —239.9 +253.7 ~+0.185 oz +4-67%.187
b +4-205.0 378 202 o048

12 5.6 —163.1 486 081 66”102

15 19.8 +193.4 a2 0.50

¥ 0.0 0.0 .77 4677191

No.g. B.D. -+ 24°.375-6. Bradley 360-1. (2"317.2;+ 24° 12'8.)
o%o111; —o" .00
Mag. 7.3-69 »= {i 0".0102; u".m:.
The measures are in longitude. The components have a common
proper motion. Other published parallaxes are
Von Maanen, (photographic),+ 0".008 = 0”015, (360).
4+ 0".028 = 0”014, (361).
Adams, (spectroscopic), + 0".018, (360).
-+ 0".028, (361).
The same comparison field was used for both components.

Spectrum F, F..

TARLE AND SoLurions For Brapiey 301

Hour Time in Parallax
Drate. Angle. Oba. 100 Days, Factor, Solution, Wt, Res, Meas
h m T. P . . v. ured hy.
Sept. 10, 1015... —0 34 M. —=228 40735 —o0003 B o000 Be.
Sept. 21, 1015... 0 34 226 gm0  .oB6 .5 —ooo7 Be
Sept. 23, 1015... o030 P 224 5% opf B +4ooo; Be
Dec. 21, 1915... 4110 M, —1.35—0.704 006 .3 0000 Sm.
Dec. 26, 1015... 121 M. 130 62 Jog o -ooo7 Be
Dec. 30, 1015... ©0 g S. 126 Bog o9z 8 —oo05 Sm.
Feb. 3, 1016... 121 M ogt 086 003 B o0z Be
Sept. o, 1916... 4010 P. 4128 40835 068 8 —ooo3 Be
Sept. 13, 1016... 016 Ma, .32 .7 073 1o 4oooz Be
Sept. 16, 1016... 054 M. 135 700 074 .5 003 Sm.
Dec. 31, 1916... o050 M: 241 —08= 072 Lo —0003 Sm.
Jan. 19, 1017... —0. 3 P 260 055 o8 o +ooo3 Be
Jan. 20, 1917... o016 Ma =61 050 o074 o —oo001 Sm.

l
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Normal Equations:

+ 10.4000¢ 4+ 1.3390p—1.5384 ¥ ——08766.
+38.1003 —4.8455 =+ 0.0831.
+7.0229 =-0.1458.

Solution:

c=——0".084.
p=-+0".028 = 0".002.
== 0".030 = 0".005.

p. e. unit weight, = o".o12.

CoMPARISON STARS.

Wa. X. Y. Dependence. Ddameter. B. D. No.

2 — 476 —166.0 00035 0.04

4 289.0 313 373 0.60

8 +-145.6 403 205 0.42

10 1880 4+ 534 417 0,30

Br. 361 0.0 0.0 1.10 —+24".376
TasLE AxD SoLuTions For Brabiey 360.
Hour Time in Parallax

Date. Angle. Obs. 100 Days, Factor, Solution, Wr, Res, Meas-
b m- T. | A . P r. ured by.
Sept. 19, 1915... —0 34 M. —229 ioy3s —o056 B +ooor Be
Sept. 21, 1915... o3 P 227 10 o565 .0o1 Be
Sept. 23, 1015... o030 P 225 B4 051 B2 —owoog Be
Dec. 21, 1915... 110 M., —136—0704 obz o 4oooz Sm.
Dec. 26, 1915... 121 M 131 g6z 064" B 004 Be.
Dec. 30, 1915... © 9§ S 0 054 1.0 —o006 Sm.
Feb, 3, 1016... 121 M. ogz 086 o2 5 -+o0003 Be,
Sept. o, 1016... 4010 P. +1Z7 +0.833 038 9 Sooos Be
Sept. 13, 1016... o16 Ma 1.31 J04 0209 5 —oo04 Be
Sept. 16, 1016... ©0354 ML 134 760 032 10 001 Sm.
Jan. 16, 1g17... o057 M. L2506 —0.040 038 5 o000 Sm.
Jan. 19, 117... —0 3 P. 250 058 035 B —ooo3 Be
Jan. =zo, 1017... o 16 Ma 260 L0 040 .5 o002 Sm.

Normal Equations:

4+ 98000c— 0.5860p— 0.6158 r=——0.4620.
+ 32.5387 —1.8737 = 0.2081.
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Solution:
c=—0o".046.
p=-+0".028 = o".002.
== 0".034 = 0".004.

p. e. unit weight, = 0".011.

CoMPARISON STARS.

No. X. Y. Dependence. Diameter. B. D. No.
2 — 476 —106.9 —0.001 0.64
4 28g.0 3L.5 +0.304 o.60
8 L1456 40.3 195 0.42
10 188.0 + 534 Al2 0.40
Br.zfo — 81 0.7 0.05 +247.375
No. 10. B.D.-49°.857. «Persei (3" 2"0;-+ 49° 14)

Mag. 4.17. p— -+ 0%1292; —0".080. Spectrum G.
The measures are in longitude. This star has a radial velocity of
50.5 km. per second. Other published parallaxes are

Flint - o".10 +=0".033 ( Transits).
Chase +0".11 = 0".027, (Heliometer).

Adams 0".096, ( Spectroscopic).
Haur Time in Parallax
Date. Angle. Obs. too Days, Factor, Solution, Wt., Res, Meas
h m T P . #- . ured by.
Jan. 71, 114... —0 7 P. —308 —0668 —oz;:t 7 +oooq S
Jan. 6, 1014... o P 3.03 730 228 10 2003 S
Jan. 14, 1014... 40 6 P. 295 Bib 214 B —oo08 S
Sept. 8 1914... —0 14 P. —os58 40058 018 7 -toooz S
Sept. 21, 1014... 0T P 045 By 000 1O 000 S
Sept. 22, 1914... 4o =2 P. 0.44 Bzg 002 5 —ooob 5
Jan. 1, 1015... —0 4 P. Jos7—ob6y -Jo1r 7 —ooir S
Jan. 4, 1015... +0 3 ‘P 0,60 Foz 043 .5 —oo2o S,
Jan. 5, 1915... o M. ah1 g4 017 g o007 5.
Aug. 22, 1915... —0 42 P. 4290 41011 225 10 —oo0r S
Aug. 23, 1915... o4z P 201 1,010 230 .0 oo 5.
Aug. 25, 1915... o488 P. 293 1008 218 8 o008 5
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Normal Equations:
+9.500¢+ 0279p-+ 1.693 = 0.064.
+46.923 + 11695 = 3.496.
+ 6944 =-0975.
Solution:
c=- o0".000.
p=-0".319 = 0".005.
=+ 0".120 + 0".012.

p. e.-unit weight, = 0".024.

COMPARISON STARS.

No. X Y. Dependence. Diameter. B. I No.
1 —213.0 —1f0.2 -+0.355 0.58
2 7= + 300 376 0.52
3 412000 10.6 —o.083 0.71
(i +-100.3 1106 4352 0.50
= — 530 — 44 0.63 +40° 837

No. 1. BD.-}o0°542. = 367. (3" 9%0; 4 0° 21'.7.)
Mag. 8.0-8.0.

The measures are in longitude. The components are separated
by 0".05. The combined image of the components if not round is
very slightly elongated. We attempted to bisect the combined image.
No other parallaxes of this star have been published.

Hour Time in Parallax
Diate. Angle, Obs. 1oo Days, Factor, Solution, Wt, FRes, Meas-
b m T. P. . P v. uredby.
Sept. ¢, 1915... —o0 16 P. —z270 4085y —0i38 B —0006 Be
Sept. 16, 1915... G032 M 272 g86 146 5 ooz Be
Sept, 23, mI5... —0 13 P 2.65 703 153 0 008 PBe.
Jan. =23, 1916... G012 5. —I143 —ogh2 40 .9 —ow03 Be
Jan. =24 1016... o028 P 142 905 J52 1.0 000 Be
Sept. 20, 1016... —o 16 Ma o008 40732 40 9 0001 Be,
Sept. 25, 1016. .. o 6 M 1.03 ‘559 132 s —ooo8 Be.
Jan. & 1017... -+012 Ma =06 —08061 d47 10 oo Be
Jan. 20,1017... —0 5 Ma. 220 953 .40 6 —0007 po-

Jan. =28, mw17... +os50 M. 228 o709 J48 6 ooor %’:

Feb. 14, 1017... 1.1 P 2.45 071 58 = o011 Be
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Normal Equations:
+ 8.2000c — 1.3140 p— 1.6301 #=— 1.1080.
4+ 34.7662 —6.6250 = 0.2040.
+ 6.1467 = -+ 0.2605.
Solution:
c=—0".145.
p=—- 0".007 = 0".003.
==+ 0".026 = o".008.
p. e. unit weight, == 0".017.

CoMPARISON STARS.

Na. X. Dependence. Diameter. B. D. Xo.
2 R —136.8 o402 050
s 41808 1244 39 088 4o'sy
6 150.8 o7.6 284 049 —+0°.546
9 1436 — 492 —0035 |, 055 -+0°.545
r o o 097 +0°.542

No.12. B.D. -} 31°.642. o Persei—g 535. (3" 38";+ 31° 58")
Mags. 4.0-8.5. u— - 0%0008; —0".024. Spectrum B,
The measures are in longitude. The components of this star are
separated by 0”.83. The combined image of the companents seemed
round. No other parallaxes have been published.

Hour Time in Parallax
Date. Angle. Obs 100 Days, Facter, BSolution, Wt Hes.,, Meas-
h m T. P, ", P v. ured by.
Oct. 7 1g16... +0 3 M. —=264+o704 o004 1o 0000 Sm.
Oct. 10, 1916... —0 6 P. 261 5665 .90 .9 o004 Sm,
Dec. 31, 1916... 4041 M. —179 —0.636 092 10 —o005 Sm.
Jan. 12, 1p17... o213 P 1.67 780 0% .5 +ooob Sm
Jan. 30, 1017... o2y M, 1.40 531 o087 .o —oo02 Sm,
Sept. 10, 1017... +o26 Ma. o83 40893 103 .5 —0.005 Sm.
Oct. 2 1017... —o 25 P, ogh  .y6h 004 .7 o003 Sm.
Oct 6 197... o1z M, .00 FI9 00l O o000 Sm.
Oct. 6 1917... 40206 M. 100 JJIO J06 Lo —o000 Sm.
Jan. 1, 101B... 4116 M. 187 —0.646 088 1o Joo0r Sm.
Feb. 7, 1018... 110 M 224 008 086 1.0 o001 Sm.
Feb. 13, 1018... 014 M. 2.30 084 086 1.0 001 Sm.
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Normal Equations:
+ 10.4000¢ + 0.4420 p— 0.8007 » =+ 0.9505.
+36.3912 —3.7720 = 0.0411,

+ 64979 =—o0.0357.
Solution: c=-+0".0g92.
p=-+0".003 = 0".003.
r=-0".030 = 0".006.
p- . unit weight, = o".015.
CoMPARIZON STARS.
¥o. X, ¥. Dependence. Diameter. B. D. No.
1 +103.6 +117.6 +-0.282 .88 +31°.645
4 444 — oG 253 0.56
8 —_ 2.0 1202 243 0.68
10 2852 -+ 75.2 222 0.49
" 0 0 0.8g +-31°.642
No. 13. B.D. 4 34°.796. Greenwich,, 284 — Lalande 7443.

(3" 56™5;+35° 2.) Mag. 8.5. p=—0"1420;—1".354.
The measures are in longitude, Other parallaxes published are:
Russell —o".011 = 0".014, (Photographic).
Schlesinger + 0”.030 == 0".013, ( Photographic).

Flint — 0".020 %= 0".055, ( Transits).
Chase 4 0".04 = 0".026, (Heliometer).
Adams -+ 0".042, ( Spectroscopic).
Hour Time in Parallax
Date. Angle. Obs. 100 Days, Factor, Solution, Wt, Res, Meas-
h m T. P. m. P . ured by.
Sept. 21, 19014... —0 6 P. —1.75 40915 40016 10 —0003 S
Sept. 22, 1914... ©0 o P 1.74 008 006 7 p003 8.°
Sept. 27, 1014... © 7 S, 160 B0 0190 9 ooz S,
Sept, 28, 1014... o134 P 168 .Bs0 o165 B “dooor 5.
Oct. 1, 1004... o4 P. 165 B30 018 9 ooz S,
Jan. 1, 1g15... —0 B P. —oy3 —0.578 060 9 40005 S.
Jan. 5 1015... 40 7 M obo .633 .074 1.0 003 S,
Jan. 8 1ns... —0 6 P. 066 673 082 7 —oo0o3 S.
Sept. 9, 1015... 0 ¥ P. 178 Jeols 300 B —oooz 5.
Sept. 24, 1915... —0 43 Ma, 193 Bob 311 .9 40007 S.
Feb. 19, 1o16... 40352 Ma 341 —098 416 B —oo04 S.
Feb. 21, 1016... oz P 343 588 4I5 . o001 S,

FROC. AMER. PHIL. »0C., VOL. LIX, G, MARCH 30, 1920,
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Narmal Equations:
L 10.000c— 0837 g+ 2257 7=+ 1417.
+37.146 —7.390 = 2853
+ 7279 =—0.17
Solution:
c=-+}0".144.
p=-+0".390 == 0".002.
==+ 0".072 = 0".005.
p. €. unit weight, = o".012.

COMPARISON STARS,

No. x. Y. Dependence.  Diameter. B. D. No.
1 —161.7 —&5.5 40,264 0.63
3 164.8 4552 247 0.48
5 -+137.3 g2 240 0.45
6 180.1 —30.0 240 . 052
r — 33 20 0.76 +34".706

No. 14. B.D.+ 53°.704. = 566. (4" 32=.0; + 53° 16'6.).
Mag. 5.44. p=- 0°%0075;— 0”.090. Spectrum A.

This is a triple star. The distance between AB is 0".21 and be-
tween AB and C is 17.58. The combined image of these three stars
was elongated. We attempted to measure to the center of gravity of
this elongated image. The measures are in longitude. No other
parallaxes of this star have been published.

Houor Time in FParallax
Date. Angle. Obs 100 Days, Factor, Solution, Wt., [Res, Meas-
b m T. P. ", A t. ured by.

Feb. z1, 1g15... 4o 8 M. —691 —0564 40006 10 —0.004 Sm.
Sept. 27, 1015... —0 36 S. —473 +0047 J01 10 o004 Sm.

Oct. o Igis... o040 M, 461 B3O 107 Lo —O0.003 Sm.
Jam. 23, 1016... —034 S. —355—07% o8 8 +oot0 Sm.
Sept. 17, 1I016... —o0 30 P. —ILi17 o8 iz g —ooit Sm.
Sept. 20, 1016... © o Ma 114 78 06 B 4 o005 Sm.
Jan. 2, 1917... —023 M, —0.10 —0.447 008 1o 40008 Sm.
Jan. 6, 1917.-.. o018 Ma oo0b 507 006 .5 o010 Sm.

Jan, =8, 1017... 4o 2 ML 4016 701 gaz1 1o —oo16 Sm.
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Hour Time in Parallax i
Date, Angle. Obs. 100 Days, Factor, Solution, Wt. Res, Meas-
b, m T, F, i r r. ured by.

—o.007 Sm.
0003 Sm.

Sept. 19, 1017... o o Ma 4=zz50 o083 124 .5
B

263 .olo A9 5 —pooz Sm.
0

Oct. 2 1g17... —0 30 P 2.63 410 14
Oct. 2, 1017... 0.0

B
Oct. 6 1917... 40 7 M 2.07 878 a14 1.0 40003 Sm.
Jan, 21, 118... 40 5 M. 374 —0700 14 10 —o003 Sm.
Feb. & mga8... —o 41 P 3oz Bgo 108 5 40003 Sm.
Feb. 11, 1018... o34 P 308 12 J08 9 003 Sm.

Normal Equations:
+ 13.0000c — 4.1070 u+ 0.8183 r=+ 1.4043.
+ 1584403 —2.4220 =—0.1903.
+09.3634 = 01271,
Solution: .
c= -} 0".108.
p=—-+0".008 = o".002.
==+ 0".021 + o".007.

p. e. unit weight, == o".023.

COMPARISON STARS,

No. X. Y. Dependence. Diameter. B. D, No.
2 41356 —150.2 0,242 o.58 —+52°.860
3 — 502 193.2 217 o560 +52° 8o
0 L1564 4+ 702 280 042
15 —244.0 2212 261 0.59 +53°.789
x 0.0 0.0 0.68 +353°.704

No. 15. B.D.453°.3796=4 4 (4" 32™5;+ 53° 17.)
Mag. 8.8-9.8.

No parallaxes of this star have been published. The same plates
and same set of comparison stars were used to derive the parallax of
X 566 and that of A 4. We have designated the brighter component
of A 4 by A 4 and the fainter component by A 4.
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TARLE AND SoLUTIONS FOR A4

Hour Time in Parallax
Date. Angle. Obs. 100 Days, Factor, Solution, Wt Res,, Meas-
h. m. 7. P. m. #- . ured by.
Feb. a1, 1015... 40 8 M. —69r —0064 0024 .5 —0005 Sm.
Sept. 27, 1015... —036 5. —473 0047 o2z g -ooo3 Sm.
Oct. o 1015... 040 DM 461  Bs6 o33 7 —o.008 Sm.
Jen. 23, 1916... —0 34 S. —355—07% o1g 1o -ooob Sm.
Sept, 17, 1916... —o0 30 P. —Li17 S-o.080 038 5 —o0o007 Sm.
Sept, 20, 1916... o0 o Ma. 114 o78 031 Lo o000 Sm
Jan. =z, 1917... —023 M. —0I10-—0447 024 6 Jooof Sm.
Jan. 6 IQ17..- o018 Ma oob 507 023 = 000 Sm.
Jan. 28 1917... -+0 2z M. o6 7oL 03 g —oooy Sm.
Sept. 19, 1917... O o Ma. 4=250 o083 024 .5 0014 Sm.
Oct. 2, w17... —030 P. 263 410 044 Lo —oo0b Sm.
Oct. 2z, 1017... oo P 263 DID o045 .5 007 Sm.
Oct. 6 1g17... +0 7 M. 267 B8 o 5 012 Sm.
Jan. =21, 1018... 40 5 M. <374 —0700 £42 & —o0004 Sm.
Feb, & 1918... —o 41 P. s J037 5 o0z Sm.
Feb. 11, 1018... —0 34 P. 305 012 042 10 —0.003 Sm.

Normal Equations: ]
4+ 11.1000c— 185008+ 1.0054 # = -+ 0.3570-
+ 1208478 —3.3294 = 0.1520.
+ 8.1602 =+ 0.0363.
Solution:
c=-+0o".032.
=} 0".008 = 0".002,
==+ 0".004 = 0".007.

p. & unit weight, =+ o".020.

CoMPARISON STARS.

No. X. ¥. Dependence.  Diameter. B. D. No.
2 +135.6 —150.2 +0.288 0.58 4-32°.860
3 — 592 1932 140 .60 52° 862

10 +156.4 + 79.2 397 g2

15 —244.0 2232 175 0.59 +53°.78%

. -+ 500 — 27 073 +33°.796
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TamE AND SoLvTiONS FoR 447
Hour Time in Parallax

Date, Angle. Oba, 100 Days, Factor, Solution, Wt, Res, Meas
b m. T Py me. P = ured by.
Feb, =21, 1915... 40 8 M. —6g1 —0004 40034 10 -oo0io Sm.
Sept. 27, 1915... —0 36 5. —4.73 o047 .04 B —oo04 Sm.
Oct. o, 1915... o 40 M, 4.61 86, o440 OB 004 Sm.
Jan. =3, 1w16... —0 34 S. —355 —07F 045 .6 —o004 Sm.
Sept. 17, 1916... —o 3 P. —ra7 40080 030 Lo —0001 Sm.
Sept. 20, 1916.,. o o Ma .14 478 036 0 Soo02 Sm.
Jan. =z, mg17... —0 23 M. —0.10—0447 046 1.0 —0008 Sm.
Jan. 6, 1917... o018 Mz o006 507 027 .5 o001 Sm.
Jan. 28 1017... 40 2 M. —Horé6 oI 034 6 —o016 Sm.
Sept. 19, 1917... o 0o Ma <z50 40083 023 .5 —o00I2 Sm.
Oct. =z, 917... —0 30 P. 263 olo 030 1.0 00T Sm.
Oct. 2, 1917:.. o o P 2.63 10 04T 5 006 Sm.
Oct. 6, 1017... =0 7 M. 267 878 031 1.0 0004 Sm.
Jan, 21, 1;18... 40 5 M. <374 —0700 022 1.0 0013 Sm.
Feh. B 1018... —0 41 P. 3.02 Boo L0350 J —0015 Sm.
Feb. 11, 1018... oy P 305 HI2 031 .5 =0004 Sm.

Normal Equations:

1 12.4000c— 24180 + 1.6828r =+ 0.4662.

Solution:

-+ 145.0400 —04393 =-—0.2015.
+4-g.0b19 =-} 0.0573.

c=—-+}o0".038.
p=——0".004 + 0".002.
=—=—na0".003 = 0".000,

p. e. unit weight, = 0".026.

+135.6
— 0.2
+156.4
—244.0
+ 488

CoMPARISON STARS,

Y.
—=50.2
103.2
<+ 9.2
2232
24

Dependence.
+-0.288
42
393
AFT

Diameter,

0.58
0,60
0.42
0.59
0.52

B. D. Neo.
-+52°.B6g
~+52° B6a

+353°7%0
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No.16. B.D.--45°.992. Groombridge884. (4"44™.4;+ 45" 41")
Mag. 6.5. u= -+ 0%.0358;—0".562.
The measures were in longitude. Other parallaxes published are:

Oct.
Oct.

Oect.
Oet.
Nov.

Jan.

Jan,
Feb.

Oet.
Oct.
Oct.

Feb.
Feb.

Normal Equations:

Russell, (Photographic),

4+ o".o78 £ 0".019.

Elkins-Chase, (Heliometer), -+ 0".12 ==0".025.
Adams, (Spectroscopic),

Time in Parallax

Obs. 100 Days, Factor,

Diate. Angle.

B m
11, 1915... —o 26 ML
24, 1915... P.
28, 1916... —o0 36 M.
28 1g16... o0 7 M.
7, 1916... —0 B P.
2, 1917.... +0 7 M.
16, 117... —o 24 M.
12, 1917... o 11 M.
13, 1917... —0 1§ M.
30, 1917 .. B
31, 1917... 40 2 Ma.
11, 1918... —o 10 P.
13, 1018... P

e P.
—s.o1 +o843
488 703
—1.18 40042
1.18 fyz
.08 408
—0.52 —0.433
038 637
o1 014
+z.32 o821
249 MO8
250 fHog
4353 —0.006
3.55 019

o”.07.

Solution,
.

=030
030

+0.030
045
044

+ 030
028
018

+ 004
096
084

-+ 000
o8

Wwt.,
i

8

1.0

B
1.0
1.0

W

bin bdn

Res.,

Meas-

v ured by.

--0.005
005

-+0.005

—0.010
000
—0.010
-+ 0,001
JOTL

0,002
—0.001
+o.011

—0.0T0

+0.005

1+ 11.0000¢— 2.7190 4 + 1.4012 7=+ 04670.
+ 788357 —0.1612 = 1.0437.
+ 54600 =—o0.0036.

Solution:

No.

ot

X.
41818
148.0
— 1044
1206

0

= + ﬂ"-ﬂﬁ+
= -I— 0".5?3 == ﬂ"’-m:}
x=-0".072 = 0".012.
p. e. unit weight, = o”".0z25.

CoMPARISON STARS.
Dependence. Diameter.

Y.
4+ 106
2352
—18g.2

o

+-0.20e2
215
<205
=288

0.54
0.60
0.51
0.46
0.76

B. D, No.

—+45°.000

+45°.002

Be.
Be.

Be.
Be.

Be.
Be.
Sm.

Sm.
Sm.
Sm.

Sm.
Sm.
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No. 17. B.D.—5%1123. Weisse 4".1189. (4" 55™.g9;—5°, 52°.)

Mag. 6.5. p=—- 0".040; —1".10. Spectrum K.

The measures are in longitude. Other published parallaxes are:

Flint, (Transits), +0".29 = o".042.
Smith, (Heliometer), 4 0".104 + 0".015.
Adams, (Spectroscopic),+ 0".12.

Hour Time in  Parailax
Date. Angle. Obs. 100 Days, Factor, Solution, W, Res, Meas
b m. T. P. . P v, wured by.
Jan. 3o, 1013... -0 37 M, —j300 —0841 —oogz & —o0o03 M.
Feb. s, 1913... —0 18 B, 303 Bar Jog 6 o015 M.
Oct 13, 1013... +o10 M. —053 +o78t 40010 B fooo7 ML
Oct. 22, 1013... as0 S D44 074 035 B —oo17 M.
Oct. 28, 1013... o3 P o038 503 020 .9 o0z M,
Nov. = 1013... @020 P 033 .521 015 9 -+ooo3 M.
Jan. 1, 1ol4... —0 18 P. Jo027 —0475 +0.018 5 —ooog M.
Jan. s, 1914... a 3 P 031 .5335 DIE 1 004 M.
Feb, 2, 1914... +0 2 S o030 8O3 011 9 +oood M
Feb. 21, 1914... —0 2 M. o8 o0 027 5 —ooog M.
Sept. 21. 1014... —0 2 P. 4200 40062 4oazo g9 Jooos M.
Sept. 22, 1914... G012 P. 20l 057 J22 1D 003 M.

Normal Equations:
+9.3000¢ + 1.7680u+ 00647 = - 02255.
+ 28.6225 +6.4955 =+ 1.0320.
+ 55817 =+0.3335
Solution: c=-}o".016.
p=- o".141 = 0".005.
r— -+ o".103 = 0".012.

p. e unit weight, = 0”.024.

CoMPARISON STARS.

No. X. Y. Dependence.  Diameter. B. D. No.
2 +168.9 41280 +0.174 0.50 —5%.1126
3 1444 6.4 222 0.50 —5°. 1124
] —243.4 + 172 166 0.57
7 41623 586 252 0.44
] —z32.2 50.6 186 040 —6°.1045
= + 188 + 490 046 —5".1123
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No. 18. B.D.--8°.866. 0% g8=14 Orionis. (5"2"5;} 8°22")
Mag. 6.06.8. p=+ 0%.0017; —0".061. Spectrum F.

The measures are in longitude. This is a binary of very long
period. The components are separated about 0".9. Their combined
images formed a very slightly elongated image. The attempt was to
bisect this image.

No other parallaxes of this star have been published.

Hour Time in Parallax
Diate, Angle. Obs. 300 Days, Factor, Solution, Wt., Res, Meas
! h. m Ta B m. P o ured by.
Feb. 19, 1915... 4010 P. —436 —00354 —0z206 7 —opoy Be
Feb. 21, 1015..» 036 M 434 of2 225 o + .012 Be
Oct. 11, 915... 4050 M. —=2z2 4ol I00 9 —o0074 Be
Nov. 6, 1015... —o017 P. 106 517 200 .5 +oo05 Be
Nov. o0, 10915... o34 P. 103 472 205 B 00t Be.
Oct. 7, 1016... Jo032 M. <140 40870 200 .5 -}ooor Be.
Oct. 14, 1016... o027 M. 1.47 B0y 212 B8 013 Be
Oct. 24, 1916... —0 30 P. .57 687 020 1.0 002 Be
Jan. 28, 1017... 4017 M. 2353 —0787 g0 Lo —ooi4 Be,
Feb. 12, 1017... o045 M. 268 o17 211 .5 <0007 Be.
Feb. 18, 1017... o2 M 2.74 HET 215 ] 011 Be
Feb. 21, 1017... a7 P 277 .ohs 08 1.0 —0005 Be.

Normal Equations:
+9.4000¢ + 04780 — 1.3467 ¥ —=—1.9233.
4712869 —1.2843 =—o0.0118
+6.4805 = 0.20350.
Solution: c=—o".204.
p=-0".006 = 0".004.
w=-}0".016 &= 0”.012.
P. e. unit weight, + 0”.031.

CoMPARISON STARS,

Na., X Y. Dependence. Diameter. B. D. No.
2 189.6 152.0 0.182 o076 587 B
o +148.0 106.4 211 .71 +8°.871

11 20000 — 50.2 205 0.54

13 —i1Brz —104.4 J12 038

r 0.0 0.0 o.fio --8° 866
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No. 19. B.D. | 39°.1248. A Aurigae=2=X 3, App. II. (5" 12™.1:
-+ 40° 1.) Mag. 4.85. p= - 0".0461;—0".656. Spectrum G.
This is a quadruple star, but it is probable that it is not a physical
systemt. The component A has a large proper motion, and this is
the only component that we measured. The measures are in longi-
tude. Other published parallaxes are:
Flint, <+ 0".070 = 0".028,
Chase, +0".11 = o".oq1.
Kostinsky, - 0".10 ==0".021.
Millosevich, +-po".111 %+ 0".015.

Adams, -+ a".100.
Hour Timein Parallax
Date. Angle. Oba 100 Days, Factor, Solution, Wt, Rea, Meas
E m T. P. " - v. ured by.
Qet. 7, 1012... o oo M., —s554 40007 —0.003 .7 0000 Sm.
Oct. 20 1012... —0 27 B. E41 788 -o.002 B —oo003 Sm.
Feb. 4, 1014... 034 P  —ofp —oB1z o002 A 4001z Sm.
Feb. g, 1014... 0oz4 5. 0.64 Ezn Joz 1o 002 Sm.
Feb, 21, 1014... 40 4 M. 052 044 11 0 —oo05  Sm.
Mar., 3, 1014... o115 M. . o4 o84 A6 5 007  Sm.
Sept. 28, 1914... —o0 50 P. 167 40965 4018y 5 40005 Sm,
Sept. 30, 1914... o020 M. .60  .055 202 .5 —0007 Sm.
Oct. 10, 1014... 40 4 P. .88  Bog Qg2 7 40006 Sm.
Oct. 28, 1914... —0 9 M. 197 oI 202 p —0003 Sm.
Feb. 8 1o15... —028 P. 4300 —0848 Jo0205 o —onor Sm.
Feb. 10, g15... 0 5 P. 3oz B66 200 1.0 o2 Sm,

Normal Equations:
+0.4000¢c+ 07470 p— 08674 x=4 1.2730.
+72.5882 —5.0503 = 1.9887.
+ 70239 =—o0.1746.
Solution:
c=- 0".135.
p=-0".128 =+ 0".002.
r=-0".070 = 0".007.

p- e. unit weight, = 0”.017.
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CoMPARIZSON STARS.

No. X- ¥ Dependence. Diameter. B. D, No.
1 +146.6 — 383 +0.199 044 +-40°.1252
5 —248.9 222 I8y 0.56 +30%.1237
6 + 06 + 736 215 0.52 +39".1249
7 35 160.1 235 0.46

10 70.3 —i18z23 16y oz +-40°.1248

v 28 + 132 0.66 +3p°.1248

No. 20. B.D.—3°1123. Weisse I 5".502. (5" 26™.4;—3° 42') -

Mag. 8.7. j— - 0%.0496;—2".004. Spectrum Ma.
The measures were in longitude. Other published parallaxes are:
Schlesinger, + 0".189 + 0".o10.

Flint, +o".06 +=0a".036.

Kinberg, -+ 0".139 =+ 0".065.

Adams, 0".158.

Hour Timein Parallax

Date. Angle. Obs. 1oo Days, Factor, Solution, Wi, Hes, Meas-

b m T. P. m. P t, ured by.
Nov. 1, 1913... 4018 M. —613 40661 —0.500 £ 4oory M.
Nov: 5. 1003... O I 5 609  .Ho7 48 B o000 M.
Ftb._ 2, 19i4... 020 S5 —530—0777 —0.481 10 —0w05 M
Mar. 12, 1914... 114 M. 482 904 402 00 —ooi6 M
Mar. 13, 1914... —o0 22 M. 481 004 470 7 —owoo5 M.
Nov. 4, 1g14... —0 41 M. —=245 +ofe4 —o311 10 —oo07 M.
Nov. 13, 1914... +0 45 M. 230 403 gJoz 9 oG M
Oct. =21, 1016... +0 o M. 4472 +o783 —o0005 9 40018 M.
Oct. =28 1916... o020 M. 479 709 +ooB B —owoos M.
Nov. 3, 1916... —o 11 Ma 485 630 013 8 +4ooor M
Jan. 28, 1017... 4048 M. —s71 —0723 —oo027 8 —opo17 M.
Feb, 11, 1017... o055 M =85 .86y JoI11 £ o001 M
Feb. =, 1017... o2z M 5.00 043 000 LO o006 M.

Normal Equations:
+ 10.700c 4+ 0582p—0.741 v=—=— 24I5.
+ 262081 40683 =4 11821
+6.347 =+ 0.39.
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Solution:

c=—o".226.
p =-+0".213 = o".002.
=4 0".146 += 0".014.

p. e. unit weight, = 0".036.

D N e

X

_126‘3
+148.8
— 226

+ 547

CoMPARISON STARS,

Y.
-+ 58

77
—I35
+15.7

Dependence. Diameter.

H14
L2
—0.430

0.50
0.55
0.45
0.85

111

No.21. B.D,—13°.2267. Bror—gArgus. (7"47".1;—13°38.)
Mag. 5.6-6.7. p——o0"0041;— ".330. Spectrum F,.

The measures are in right ascension. This is a binary with a
period of about 23 years. The components are separated about
0".25. The combined image seemed round and was bisected in the
measuring. Other parallaxes published are by:

Mar.
Mar.

Nov.

Nov.
Nov,
Nov.

Mar.
Apr.

Nov.
Nov.

Mar.

Mar.
Mar.

Flint,

Date.

4
27

e

3o,

23
10,

1o,
e

|

28,

1915. .-

1015. . -

10I15. ..

1015, ..

1015. ..

1915. ..

1916, ..

1916, ..

1916. ..
1916, ..

1917. ..

711 L SR

1917. ..

Hour
Angle.
h. m.
-0 52

—0 3

+1 37
—o 8
o o
—0 18

—0 6O
-+0 54

—0 II
o o

+o 8
0 10
—0 10

Time in Parallax

Ohbs. 1o Days, Factor,

M,
Ma.

E g "E WbhEE
E.I ‘ . a4

M.
P

T. P,
—4q06 —o083
393 o
—1.51 o078
1.48 73
1406 72
145 71
—0.31 —0.01
013 00
+2z10 o081
2.18 73
+3.35 —002
T
3.30 R

4 0".028 =+ 0".026, (Transits).
Russell, + o".068,

( Hypothetical ).
Solution, Wt.,
. £

—0.208 1.0
206 1.0
—0.254 5
230 i)
247 IO
246 10
—0.203 5
207 Lo
—0.256 =
250 1.0
—0.307 b
*.280 B
277 10

Res., Meas-
¢, ured by.

~+0.004

—0.001

+0.004
—0.001
005

+-o.001

+4o.011
A0

0,010
—o0.008
012

M.

ER B

2E EE

EEE ER
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Normal Equations:
+ 106000 — 1.1750p—2.1500 x=——2.0014.
+ 740188 —1.3860 = 0.3629.
4+ 26420 = 0.7721.

Solution:

¢c=——o0".268.
u=-+0".005 = 0".003.
r=-0".121 = 0".000.
p. e. unit weight, = 0".025.

No. X.
6 2736
7 — 672
8 232
10 1688
w 0.0

CoMPARISON STARS.

X
-+ 828
226.0
— 72
215.0
0.0

Deependence.
+0.223
K1
253
266

Diameter.

0.45
0.35
047
0.36
0.73

B. D, No.
—13" 2202

—13" 2258
—13" 2207

No. 22. B.D.--27°.1580. x Cancri. (8" 147;+ 27° 33".)
Mag. 5.16. p=——0%.0009; — o'’.388, Spectrum F.

The measures are in right ascension. The star hasa large proper
motion. No other parallaxes have been published.

Oet.

Nov,
MNov.
Mar,
Apr.
Apr.

Naov.
Nov.

Mar.
Mar.

Apr.

. 20,

Diate.

28, 1916...
19, 1916...
21, 1016. ..

30,
3
I,

5

e
10,

1917, ..
1917 ..
1917...

1917. ..
1017...
1017 . . .

1918, ..
1918, ..
8. ..
1918. ..

7
16,

Hour
Angle.

F

h. m.

—0 11
oI
o 43
—0 32
40 18
023

—o 18
o 38
0 3z
+o 38
o 28
—0 48
o 16

TR

"

EUEE WNVE YRR

Time in Parallax

roo Days, Factor,
v f 3
—28; Sogb
263 o
261 B3
—1.32 —0.00
128 03
120 a7
+o0B86 095
By 04
1.23 s
+z10 —089
2.19 79
232 Bg
235 41

Saolution,
"

-+0.025
016
016

—0.020
000
004

~+-0.012
016
D12

—0.000
0.000
—0.012
002

Wt.,* Res,
P .

—o.008

+0.013

—0.001

b in B inodn

o Gn o

Meas-

ured by.

Sm.
Sm.

Sm.
Sm.
Sm.

Sm.
Sm.

Sm.
Sm.
Sm.
Sm.
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Normal Equations: )
-+ 8.6000c— 0.3800p—0.50407= + 0.0326.

Solution:

c=- 0".005.
p=—0"".001 = 0".003.
== -+ 0".060 = 0".006.

p. e. unit weight, == 0".015.

No. 23. B.D. -+ 42°.1922. Z1263= Lalande 17161.

The mea

CoMPARISON STARS.

X Y.
—2128 + 32
216.4 1072
+ Goz2 — 224
064 248
102.4 207.2
0.0 0.0

Dependence.
+0.046
247
313
~330
M55

+32.4643 —54033 =—0.0736.

113
466052 =+ 00842,
Diameter. B. I, No.
0.4
1.03 +27° 1582
0.70 +27°.1501
0.61
0.68 —+-27°.1503
0.83 +27".1580
(8" 387.6;

1 42° ') Mag. 8.5 p=——0"0241;—0".649.

for this star are:
Chase, —0".08 = 0".048, (Heliometer).

sures are in right ascension. Other parallaxes published

Adams, 00358 (Spectroscopic).

Hour Time in Parallax
Date. Angle. Obs. oo Days, Factor. Solution, Wt, Res, Meas
E m T P. m. P v. ured by.
Mar. 23, 1916... +0 7 M. —4H —ofo ool 6 —oor14 Sm
Nov. 27, 1016... —0 3 M. —205 +084 -+oof0 Lo o007 Sm,
Dec. 2 1g16... o024 M 2.00 o oot ofi —oo015 Sm.
Dec. o, 1916... 035 M ro3 g2 064 8 Jooog Sm
Mar. 25, 1917... +0 7 M. _of —of1 40024 .5 +ooo2z Sm.
Mar, 28, 1917... —015 P. By B3 o9 9 oo0fi Sm.
Mar. 3o, 1917... o013 M. B2 85 015 1.0 005 Sm.
Nov. 17, 1017... —0 54 M. 150 +0go -+oozz of -+oo1z Sm.
Nov. 17, 1017-.- o2 M. 1.50 00 o490 6 —o0006 Sm.
Dec, 10, 1I017..- C L73 B | o3y 10 010 Sm.
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Hour Time in. Parallax
Date. Angle. Oba. 100 Days, Factor, Solution, Wt., Res, Meas-
h. m. T. P. " . . ured by.
Mar. 22, 1928... —0 11 P +275 —o078 —o0w02zz 1.0 0.004 Sm.
Mar. 28 1018... o044 M. z.81 By 006 06 —oo014 Sm.
Mar. 20, 1918... ©033 P 282 B4 024 6 4ooog Sm

Normal Equations:

+ 0.8000¢c + 0.1200 p — 0.5840 == - 0.3007.
+ 46.3008 —z.0719 =—0.6176.
-+ 6.4001 = 0.1500.
Solution: c= -+ 0".033.
p=—n0a",058 + 0".004.
==—-0".104 + 0".011.
p. e. unit weight, == 0".028.

COMPARISON STARS,

No. X. ¥. Dependence. Diameter. B. D. No.
4 + 809 — 7.7 ~+o0.232 0.37
5 —101.9 1127 27 0.52
9 2338 +103.7 262 o.46
13 +145.3 259 379 .40
L 0.0 0.0 0.75 +-42°. 1022

No. 24. B.D. L 42°.2214. OZ 234. (11" 26™.z + 41° 52)
Mag. 7.0-7.5.

The measures are in right ascension. The combined image of
the two components, which are separated about o”.4, appears round.
This is a binary with a period of 77 years, (See). Russell finds for
this star a hypothetical parallax of 0".014.

Hour Time in  Parallax
Date. Angle. Oba. 100 Days, Factor. Solution, Wi, Res,, Meas-
h m T ok me. P r. ured by.
May 10, 1915... —0 18 P. —s5350 —079 40024 9 0000 S5m.
Jan. 8, 1916... 40 5 M. —3zo7 -+ofo 054 B o007 SE::..
Apr. 30, 1916... —0 7 M. —104 —O7I 073 1.0 —ool3 Sm.
May 11, 1916...- +0 2 M, 1.83 B 070 1.0 o010 Be

P,

May 12, 1916... —0 17 182 B 050 .0 oot EBT.

May 13, 1016... 40 6 Ma, 1.81 Bz 050 .3 o001 Sm,
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Hour Timein Parallax
Date. Angle. Obs. 100 Days, Factor, Solution, Wt., Res, Meas
h. m. T P. . P v ured by,
Dec. o, 1016... —o 13 M. +o20 Jog0 o006 6 —ooo1 Be
Dec. 23 1916... o0 4 M 0.43 By 092 .5 -4ooog Be
Dec. 30, 1916... o28 M 0.50 86 Joz .5 —ooob Sm,
Jan. 19, 1917... 018 Ma ojo O 092 1.0 o005 Sm.
Apr. 16, 1917... —0 35 P. 157 —0354 000 7 —0003 Be.
May 11, 1917... o013 P 1.82 B0 83 7 o013 Sm.
May 14, 1917... ©0 o P. 1.85 B3 o090 .7 005 Be.
Jan. 5 118... +0 9 M. 4= +oBe J46 7 —o014 Sm.
Feb, 11, 1918... —0 5 P. 4.58 43 30 .7 o003 Sm.

Normal Equations:
+ 11.2000 6 — 2.5500 p— 1.2500 7= - 0.9125.
+ 807848 +00348 = 0.6481
+ 6.6360 =+ 0.0361.
Solution: c—-+}0".085.
p=- 0".046 + 0".003.
r=—-+0".038 = 0".011.

p. e. unit weight, = 0".025.

CoMPARISON STARS.

No. X. ¥. Dependence. DHameter. B, D. No.
2 —120.8 +192.9 40222 0.40
4 10.1 —204.5 .368 0.36 +41° 2100
7 + 70.6 +255.9 146 0.46
8 76.3 — 186 264 0.36
3 0.0 0.0 0.6z +-42° 2214

No. 25. B.D. -+ 28°.2106. Bradley 1646 —9 Comae Berenices.
(12" 14™.5; + 28° 43".) Mag. 6.30. p=—0%0151;—0".142.
Spectrum F.

The measures are in right ascension. No other parallaxes have
been published.

Hour Time in Parallax
Diate. Angle. Obs. 100 Days, Factor, Solution, Wt, Res, Meas-
h om 7. P. ., . v. ured by.
Jan. 8 116... +o22 M. —238 Jof; —oofe 7 —oo16 Sm.
Jan. 14, 1016... o016 Ma 232 86 ofs .5 o008 Be

Feb. 7 1916... —116 S 2.08 66 079 1.0 —oooz Be
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Hour Time in Parallax
Diate. Angle, Obs  roo Days, Factor, Solution, Wi, FRes, Meas
b m. T. P. m. £ v, wred by
May 11, mgi6.., —o 4 M. —114 —0f68 13 & o010 Be
May 1z, 1016... 4015 P. 1.13 O JI0 B oo7 Be.
May 13, 1016... o156 Ma 112 70 004 Lo —oo00 Be
May 206, 1916... o014 P. 0.00 B2 JdI3 1.0 o008 Be
Dec. 23, 106... —0 1 M. <13z +oogo 17 .5 =+onoio Be
Jan, 26, w17... o027 Ma 146 35 Ja14 9 ooz Sm.
Feb. 12, 1917... fo14 M. 1.63 .50 Jd05 .5 —oo00 Be
Feb. 12, 1017... 054 M. 1.63 .50 18 45 -+oooy Be
May 17, 1w017... 4oz0 M. Fzs7 —or3 130 .5 —ooo6 Be
May 30, 1017... o049 P 270 .84 d32 1o .oob Be

Normal Equations:
~+ 0.6000 c — 0.1240 p + 0.1670 » =— 1.010I.
+ 314031 —1.7336 =—o0.2780.
+ 53907 =+ 0.0520.
Solution: c=—o0".106.
p=—0".041 * 0".004.
w—-4-0".048 + o".011.
p. e. umt weight, &= o".025.

CoMPARISON STARS.

No. X. Y. Dependence. Diameter. B. D. No.
2 — zB8 —1788 +o0.238 0.6 -}-28° 2103
3 812 828 332 0.90 +-28° 2103
4 + 424 +202.0 327 9.53
6 195.2 380 103 043
L 0.0 0.0 0.066 +28° 2106

No. 26, B.D.—|—zﬁ“.§345,. = 1639=68 Comae Berenices,
(12" 19™.4; L 26° 8.) Mag. 6.7-7.9. Spectrum A,.
The measures are in right ascension. This is a binary of long
and uncertain period. The combined image of the components was

sensibly round. Russell finds a hypothetical parallax of 0”013 for
this star. '

Hour Time in Parallax
Drate. Angle. Obs. 100 Days, Factor, Solution, Wt Res, Meas-
h m T. P, . #* . ured by,

May 6, 1915... —©0 10 M. —s505 —o060 40040 6 o015 Be
May 23, 1915... 40327 M. 578 g8 S04 B 012 Be.
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Hour Time in Parallax
Date., Angle, Obs 100 Days, Factor, Solution, Wt, Res, Meas-
b m T. P. . P . ured by.

Feb. 3 1916... —0 2z P. —322 “4o70 048 10 —ooor Be
May 11, 1016... 41 0 M. —229 —of7 057 .o —o013 Be
June 1, 1016... o4 M 2,03 Bz 043 4O <oooz Be
Jan. 19, 1917... —0 2 Ma oz o8z 032 .5 —owoog Be
Jan. 19, w17... 40 7 Ma. o 82 034 10 006 Be.
Feb, 24, 1917... —0 34 M. 0.65 44 036 5 007 Be.
Feb. 24, 1017... 40 6 M, 0.65 44 023 1o 40006 Be
May 10, 1017... 4057 M. 4140 —o0b6 042 1.0 —0000 Be
Jan. 5 1018... 40 1 M. 438 JoB 008 5 o008 Sm.
Jan. 5 1008... o041 M. 180 B9 o 8 006 Sm.
Feb. 13, 1018... —0 5 Ma 419 50 o008 5 0090 Sm.
Feb. 15, 118... 015 Ma 421 56 014 1.0 003 Sm.
Normal Eguations:

10.9000c— 0.6240u+ 1.6680x=-+ 03558
+ 1112145 -+ 13.7995 =—0.4476.
4+ 54381 =—o.0100.
Solution:
c—-+0".033
p=——0".014 * 0".003.
r——0".028 + 0".014.

p. e. unit weight, = 0”.026.

CoMparisox STARS.

No. X. Y. Dependence. Diameter, B. D. No.
I — 644 +-206.0 +0.380 .31 +26°.2343
2 + 940 63.0 173 0.58 +26° 2346
i 101.5 — 176 156 o8y +26° 2347
4 — 264 2080 291 0.63 +25°.2503
x 0.0 . 0.0 0.86 +26° 2345

No. 27. B.D. 4 10°.2468. 33 Virginis = Br 1706. (12" 41™.3;
+ 10° 6.) Mag. 5.86. u=— - 0"0184;—0".456. Spectrum K.
The measures are in longitude. Other published parallaxes are
by :
Chase, —o".10 = 0".016.
Adams, o".030.

PROC, AMER. PHIL. 50C., VOL. LIX, H, MARCH 3I, Ig20,
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Hour Timein Parallax
Date. Angle. Obs 100 Days, Factor, Selution, Wt, Res., Meas-
h m T P [N - v. ured by.
May 19, 1012... +034 B. —441 —o0Br0 0152 8 —ooog S.
May =27, 1012... i1 6 B 433 B8s A57 B9 oz 5
Feb., 4, 1503... —0 12 B. —1.Bo 40751 +o.-:164 1.0 —0.000 S.
Feb. 6 113... o & B. 178 7 i 007 S.
Feb. 7 I013... G049 M. A 1 .usg 5 005 5.
Feb. 14, 1013... 034 M 1.70 Sz 043 B oom 5
Feb, 25, 1913... a 7 B. 1.50 A72 45 9 004 S,
May 3, 1913... —021 M. —opz—0013 -0.039 7 5.
May 8 1013.-. M. o8y 670 .08 .o Goozz 5
May 14, 1013... —0 36 B, o8 751 o014 9 o4 5.
June 2, 1913... 4016 B, o6z 920 o0y 4 o020 S,
Jan. 5, 1914... 4035 M. 155 40969 —oosz 9 —ooob S.
Feb. 1, 1914... o027 F. 182 786 oyo 9 0004 5.
‘eh. 7, 1014... —0 14 8. 188 320 I o001 S,
Feh, 17, 1914... 0.3 M. 108 502 o700 29 0 0000 S
Feb, 24, 1914... 40 7 P. 205 401 o078 o Jooob S
May 2 1014... +0 6 M. J2y2—0506 —0000 10 +4o008 S,
May 14, 1914... 054 M. afy 740 007 9 003 S.
May 15, 10I14... o019 P 28  .760 094 .o 0000 S,
May 25, 1914... 024 5. 295 B2 ohy .9 —o033 S
Normal Equations:
+ 16.800¢c + 2485 p—0.442x=——0.118.
+ 091850 +1.760 =—3.074.
+8971 =—0.003.
Solution:
¢c——a0"".002.
p=—0".156 = 0".004.
#——0".018 = 0".012.
p. e. unit weight, = o".037.
CoMPARISON STARS.
No. X. Y. Dependence. Dhameter. B. D. No.
1 +61.7 — o8B0 +0.040 0.70 <+-10°.2467
2 —s8.2 128 —0.100 062 +10°.2471
3 335 +110.8 ~+0.250 0.42 ~+10° 2472
L4 +60.3 — fzy 0.38 107 2468
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No. 28. B.D.+ 17°.2611. 8 8oo0. (13" 117.9; + 19° 33%)

Mag. 7.0-10. p=-} 0".0445; — o''.26q.

The measures were in longitude. This is a binary star whose
large proper motion and large orbital motion indicates that it is com-
paratively near to us. The measures were made on the principal
component. Adams found a parallax of this star spectroscopically
to be o”.087.

Haour Time in Parailax
Date. Angle. Obs. 1ou Days, Factor, Solution, Wt, BRes, Meas
b m T. B m. 3 . ured by,
June 4, 1015... 40 3 P. —4.28 —055 40025 .7 —o00r Be
June 5 1015... ©0 9 Ma 427 77 223 8 +ooor Be
Feb. 3 1016... —o0 31 P. —1.84 -l0B83 134 1.0 J4ooor Be
Apr. 30, 1016... 4010 5, —0.07 —0.35 Jd42 5 -+0007 Be.
May 26, 1016... oz P 0.71 ] 167 5 —0014 Be.
June 1, 1016... o048 M. o.63 73 147 7 =0008 Be.
Jan. =26, 1917... —0 38 Ma. “+1.74 +o87 255 .5 o010 Be
Jan. 26, 1017... o o Ma. 1.74 87 204 0 001 Be,
Feb, 1z, 1917... 40355 M 191 a5 260 © o000 Be
Mar. 1z 1917... o288 M, 2,19 41 283 £ —o009 Be,
Mar. 12, 1017... 113 M, 2.19 41 280 3 006 Be,
May 30, 1917... 035 P 4208 —og2 282 B 40003 Be
Normal Equations:
+8.4000c— 0.5990p + 0.4310 7=+ 1.5600.
+51.7150 +6.7732 = 1.8534.
+4.3880 =+ o0.3910.
Solution: c=-0".18q.
p=-0".169 =+ 0".003.
==-} 0".070 =+ o".010,
p. e. unit weight, == 0”018,
CoMPARISON STARS.

No. X. Y. Dependence.  Diameter, B. D. Xo.

I —215.2 — 3r.2 —+-0.451 043

2 824 +178.0 162 0.68 ~+18° 2707

5 +-212.0 2188 045 0.51 +18%.zm1

7 204.2 — 624 g2 0.41

mw

0.0 .0 .60 ~+17° 2611



120 MILLER—PARALLAXES OF FIFTY STARS.

No. 2g. B.D, + 35°.2462. OZ 269. (13" 28=.3 + 35° 25%)
Mag. 7.2-7.7-

This is a binary star. The combined image of the components,
which is round, was bisected in the measurements. The measures
are in right ascension. No other parallax of the star has been pub-
lished.

Honr Time in Parallax
Date, Angle. Ohbs tm[:mu. Factor, Solution, Wi, Res, Meas
h m P ", 8 v, ured by.
Mar. 3, I9i5..: 0350 Ma —?43 4061 —oobo .5 +o00b Be.
Mar. 12, 1015... o 8 M 7.30 40 054 & —ooo2 Be,
Feb. 7, 1016... +015 S -—-;-D? +0.83 oo 8 —o.o08 E::
Mar. 23, 1916... 0% P 3.62 32 o2 9 004 g:,.
June 12, 1916... 4020 P. —z281 —o0.59 088 1.0 -o0os Be.
June 18, 1916... 055 S 2.75 By 090 5 006 Be.
Mar, *3, 1018... —036 P. +348 +0.60 o8 B Joorz Sm.
Mar. 3, 1018... 110 B 348 Sy o0 8B —ooo4 Sm.
Mar. 15 1918... 0355 Ma 3.60 A4 0% 1o -oooy Sm.
May 17, 1018... +o10 D. 423 —os50 of% 10 —o012 Sm,
May 31, 1018... oo D 437 68 103 5 0000 Sm.
June 7, 1n8... ©o45 P 444 T4 098 0 ool Sm.
June 19, 1918... 113 D 4.56 A5 000 6 —oo07 Sm.

Normal Equations:
-4 10.1000 ¢ + 1.9640 p—0.1770 # =—0.7811.
+ 1083845 —0.5071 =—0.6450.
4+ 4.1754 = 0.0008.
Solution: c=—0".077.
;.l.—--—*l:l' 008 = o".002.
== 0".067 = 0".012.
p. e. unit weight, = o".023.

COMPARISON STARS,

No. X. Y. Dependence. Diameter. B. D. Neo.
1 —211.9 —a2483 40,160 0.50
2 6.9 200.7 217 0.44
5 4+ &6 S-2341 301 0.41
6 149.3 57.0 313 0.59
= 0.0 0.0 084 435" 2462
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No. 30. B.D. 4 30°.2653. 7 Coronae Borealis—3X 1937.
(15" 19™.1; + 30° 39".) Mag. 5.58-6.08. p=--0.0101;
. —o".198. Spectrum G.

This is a binary system with a period of 41.5 years. In making
‘the measures the combined image of the components was bisected.
It seemed perfectly round. The measures are in right ascension.
Other parallaxes of this star published are:

Slocum, (Photographic), + 0".073 = o".014.
Russell, (Hypothetical), - 0".060. .
Adams, (Spectroscopic), -+ 0".069.

Hour Time in Parallax
Date. Angle. Obs. 100 Days, Factor, Solutics, Wt, Res., Meas-
h m T. P, . . v, ured by.

—442 +o0F2 <0011 0 =o002 Be

Mar. 23, 1916... —o 10 P

June 12, 1916... —0 1 P. —361 —047 —0.004 82 o004 Be
P
5

June 26, 1916... 0 24 347 7 003 1.0 001 Be.
July 4, 1016... 0 20 3.39 76 4-o0.002 B —oo005 Sm.
Mar. 22, 1017... —1 18 P. —o78 Jo73 ooy .5 0011 Be
Mar. 24, 1917... I 13 M. 070 Bed § 050 1O 002 Be

Mar. 24, 1917... 40 5 ML o.76 i 060 10 —oo0f Be
July 7 1m17... 40 3 Ma oz —078 +foo037 £ —ooo1 Sm,

Mar. 1, 1918... 4023 a. 266 -+ogo 40098 g —oco7 Sm.
Mar. 3 m18... —0 2 268 By 086 10 40005 Sm.

M
P
June 20, 1918... +118 D. 4377 —0.38 +oofo 6 —oo04 Sm.
June 27, 1018... o016 P 384 63 o066 6 +foooo Sm.
D 5

July 8, 1o1B... 0 25 385 79 AF7 —0.003 Sm.

Normal Equations:

+ 10,2000 c— 3.1600 2 + 0.8600 v =+ 0.4583.
+80.4797 + 14805 =--0.8208.
+5.5064 = 0.1550.
Solution:
c—-}0".047.
p=-0".050 = 0".002,
==} 0".085 = 0".008.
p. e. unit weight, == 0".018.
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CoMPARISON STARS,

No. X. ¥ Dependence. Diameter. B. D). No.
2 +133.8 +144.5 -+0.341 0.60 +31°.2731
3 230.1 1120 150 0,68 307 2654
6 1010 —125.6 030 047

12 —1780 130.5 470 0.40
= 0.0 0.0 0.07 +-30°.2653

No. 3r. B.D. 4 2°.3118, A Ophiuchi—73 2055. (16" 25™.0;
+2° 12".) Mag. 3.85. p=—0%"0032; —0".084.
Spectrum A.

The measures are in longitude. This is a binary of long period.
The combined image of the two components is very slightly elon-
gated. In the measures this combined image was bisected. Other
published parallaxes are:

Lee-Joy-Van Biesbroeck, (Photographic),+ 0".018 =+ 0".003.
Schlesinger, (Photographic), —0".010 %= 0".008.

Russell, (Hypothetical), -+ 0".024.
Hour Time in Parallax
Date. Angle. Obs. 1oo Days, Factor, Solution, Wt, [Res, Meas-
h m T P, ", P . ured by.
Apr. 14, 1015... —o0 32 Ma. —316 40645 —o028 10 40003 Be
Apr. 15, 1015... o028 P. 315 632 021 B —ooo3 Be
July 8 1o15... 4056 Ma —az31 —oby 026 1o —oo003 Be
July g, 1015... —0 g M, z30 684 023 10 0000 Be
July 14, 1015... o 6 M. 225 .745 022 B —ooor Be
July 16, 1015... 4013 M. 223 .67 022 n 001 Be.
Mar. =23, 1016... 028 P. 4o28-foBn 024 1.0 —o002 Be
June 20, 1016... o014 S 126 —0561 o1 6 —o.o06 Be
July 7,1016... —030 S 1.34 068 08 1o -+ .00y Be
Apr. 13, 1917... 4o 14 Ma. 414 F06350 024 10 —o003 Be
Apr, 16, 1017... -—0 & M. 417 b1 030 .9 Joooq Be
Apr. 16, 1017... 4019 M. 417 611 027 10 001 Be,

Normal Equations:
+ 11.0000¢ 4 0.3420 g -+ 0.1866 w=— 0.2726.

+90.0804 +88293 =—o0.0450.

+ 5.1526 =—o0.0116.
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Solution:

c—=——o0".025.
p=—0".015 = 0".00I.
r——0".037 = o".005.

p. e. unit weight, == o".010.

CoMPARISON STARS.

Mo, X. ¥.

I -+ 288 —164.8
2 —I34-4 13.6
4 1511 2124
5 +ar5.2 — 10.4
L (X} oo

Dependence.

+o275
245
266
214

Diameter.

o.8o
o.b1
0.60
075
.05

B. D, Ka.
+2%3119
“+2%.3115
+2°3124
+2".3114
+2"3118
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No. 32. B.D, 4 32°.2896. 72 W Herculis. (17" 16%.9; 4 32° 36".)

Mag. 5.36. p=-} 0".0009;

1".053. Spectrum G,

This is B. G. C. 7976. The brighter component only was meas-
ured. Other published parallaxes of this star:

Flint, (Transits),

Chase, (Heliometer),

+0".00 =+ o".041.

+0".14 +0".036.

Schlesinger, (Photometric), - 0".068 = 0".000.

Adams, (Spectroscopic),

The measures are in longitude.

July

Agpr.
May

July
July

Aug.

Aung.

May
May

Diate.

25, 1915...

29, 1016...
I, I916...

= 1010 ..
11, 1916...

10, 1917...
o6, IQIT7-..
27, T01I7.ss

2, 1918...
2, 1918...

Hour
Angle.
h m

+o 30

40 47
—0 12

—0 20
-+0 17

4o 38

—0 25
-+0 49
—0 50
—o 10

NN REE 92 VR E

Tima in Parallax

Obs. w00 Days, Factor,

T. F.
—7.00 —0.734
—=.11 +0.568

5.00 541
—4.42 —0.530

438 87

—.034 —0.965
027 092
o26 005

-+222 40533
222 533

+o".120.

Saolation,
mi.

—0.126
—0.071
Leri]
—0.086
08q

—0.021
028
019

~+0.044
034

Wwt.,
#. 5
—0.001

0,000
—0.001

+-0.010

Gty bBinh b W4 &

—0.005

—0.007

—0.015
005

Res, DMeas-
ured by.

Be.
Be.

Be,
Be.

Sm.
Sm.
Sm.

Sm.
Sm.
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Houor Time in FParallax
Dhate. Angle. Obs. 100 Days, Factor,
h m T. f o
July 25, 1m8... 41 D. 4306 —o556
July 26, 1018... 1 M 307 768
Apr. 13, 1910... —0 10 P. 4568 40776
Apr. 19, 1919... 403 D 574 .07
Apr. 22 1919... —o 41 P 577 5650

Normal Equations:

4 1z.1000¢ +

Solution:

No. X
3 —I168.5
i L1019
8 Bog
12 — 7.
r 0.0

c——o0".000.

w=-+}0".064 + 0".001.
==+ 0".064 == 0".000.
p. e. unit weight, = o".020.

CoMPARISON STARS.
Y.

Dependence. Diameter.

2.18gop— 1.2534 v=—0.0021.
+241.3464 + 150235 =+ 34880

Solution, Wt., Hes, Meas-
B * . uredby.
+0024 9 —000I Sm.
013 6O <oolo Sm.
+o0079 9 -o001 Sm.
o072 1o 008 Sm.
o8 10 001 Sm.
+ 6.5207 =+ 0.3057.
B. D. No.
— 5I.5 +0.313 0.32
4+ 201 233 0.50 +32° 2001
— 420 204 0.34
+136.0 160 0.26 +32°.2804
0.0 .69 +32°2806

No. 33. B.D.—o%3300. 3 2173. (17" 25™.2;—0"° 50'.)
Mag. 5.3¢. p=——0%.0083;—0"175. Spectrum G."
The measures are in longitude. This is a binary with a period of
46 years. The combined image of the two components was sensibly
round and was bisected in the measures.
Russell gives a hypothetical parallax of + 0".075.

Date.

Apr. =24, 1012...
May 18, 1g12...

May 15, 1915...
May 1g, 1915...

Hour Time in Parallax
Angle. Oba. 100 Days, Factor,
h m T. P,
+o0 7 B. —1zoy 40713
025 B. 1183 378
o o P, — ogr 40435
I 2 Ma ofr 373

Solution,
.

--0.059
053

—0.013
014

Wi, Res, Meas-
. w. urcdby.

g —o00r Be
Lo o000 Be.

1.0 —o002 Be
5 002 Be
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Hour Time in Parallax
Date. Angle. Obs 100 Days, Factor, Selution, Wi, Res, Meas
h m - o . . ., ured by.
July 18 1015... —0 38 M. — o027 —o578 —0033 .5 -+0003 Be
July 23, 1915... 118 M o2z 553 a3 8 003 Be
Aug. 13, 1015... +0 7 P ool  B78 03 8 —ooob Be
Ang. 14, 1915... 1 6 Ma o000 887 041 1.0 o005 Be
Aug. 13, 1916... o041 M. 4 365 —0f8;5 —o0 £ —ooio Be.
Aung. 18, 1916... o3 P 370 033 068 1.0 doo00 Be
Apr. 16, 1917... oo M. + 6a1 +4ofoz —oofz .7 0006 Be.
May 12, 1017... —0 4 M. 637 473 065 Lo 004 Be
May 1z, 1917... 4035 M. 6.37 473 051 Lo —o.010 Be

Normal Equations:
4 11.00006— 0.7200 p— 0.8870 r =—— 0.2000.
+ 403.0814 —g.1128 =—2.6380.
+5.1534 =+ 0.1365.
Solution:
c=—uo".026.
p=—0o".030 = 0".00I.
»—-0".051 = 0".009.
p. e. unit weight, = 0".019.

CoMPARISON STARS.

No. A ¥. Dependence. Diameter. B. D, ¥o.
1 ~+202.0 — 20,0 4-0.107 0.57 —0°.3300

4 261.2 —+111.6 24 o.80 —a°.3307

5 — 668 200.0 263 046

g 132.0 —1532 416 0,76 —1°.3343

v 0.0 0.0 0.53 —0°.1300

No. 34. B.D. - 30°.3128. ggb Herculis— Clark 15— Br. 2278.
(18" 3=.2; + 30° 33) Mag. 521. p=—0"%0073; 1 0".063.
Spectrum F,.

The measures were in longitude. This is a binary with a period
of 63 years, (Aitken). The components are separated by 1”.3 but
appear to be perfectly round, perhaps because the fainter component
did not impress itself on the plate on account of the rotating sector,
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Other parallaxes published for this star are:

lint, =+ o".064 £ o".022, (Transits).

Russell, + 0".062, ( Hypothetical).

Schlesinger, = ©”.025 = 0".006, ( Photographic).

Adams, o".105, { Spectroscopic).

Hour Time in Parallax

Date, Angle. Obs. oo Days, Factor, Solution, Wi, [Res, Meas
E m T F. . #. . ured by.
Aug. 18, 115... —o 13 P. —388 —o0815 oo0f0 7 —0.001 Be.
Aug. 23, 1915... o116 P 383  .B41 054 9 -o0o14 Sm,
Aug. 25, 1915... 01 P. 381 B8 o655 003 Be
Apr. 30, 1916... —0 4 P. —I1.32 40770 070 10 40001 Be
May 13, 1016... ol M .19 623 o7z 1o — o003 Be
May 21, 116... 4023 P. I.11 512 084 b 017 Sm.
Aug, 28 1016... 40 6 P. —012 —0507 Jo5z2 B —oo02 Be
Sept. 0, 1916... o2y Ma. 0.00 073 O50 ] o002 Be
Sept. 10, 19I6... c13; P. oo 78 o6 9 008 Sm.
May 12, 1917... o052 M. =245 400640 038 7 40013 - Sm.
July =23 1017... -+o0o16 M. 317 —0.404 043 g —o00086 Sm.
Aug. 28, 1017... —0 2 P. 353 .oob 030 10 o002 Sm.
May 16, 1018... 4033 P. <614 fos501 o020 & o004 Sm.

Normal Equations:
+ 10.5000¢ 4+ 1.0450 p— 2.8895 r=-1 0.5687.

Solulion:

No.

[« =T

10

—244.4
-+ 406
1356
—— z-l_g
0.0

+ 887641 +4.5279 =—0.3260.
4 6.6022 =——o0.1268.
c=-0o".057.
p=—0".023 = 0".003.

r=—- 0".043 = 0".010.
p. e .unit weight, = 0".024.

CoMPARISON STARS,

Y.
— 500
140.0
-+-162.0
— 804
o0

Dependence.
—+0.216
204
355
225

Diameter, B. D. No.
0.76 -+30".3119
079 +30°.3120
.55
0.56 :

0.65 +30".3128
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No. 35. B.D. -} 38°.3466. X 2481 (7); Secchi 2 (=!). (19" 77.7:
38° 36°.) Mag. Bo-8o. p——o"0210;—0"103.

This is a triple star. We have designated the component A by ,
and by =, the components B C, (Secchi 2), which are separated by
0”.24, and whose combined image is sensibly round. In measuring
#' we bisected the combined image of the components. The proper
motion of A is not the same as that of B C. The measures are in
longitude. The same comparison field was used for both com-
ponents. Other parallaxes published are:

Russell, (Hypothetical), -+ 0'".021.
Mitchell, (Photographic), = 4 0".019 = o.010.
= -+ 0" 046 = 0.011.

TABLE AND SOLUTIONS FOR ¥,

Hour Time in Parallax
Date. Angle. Obs. 1oo Days, Factor, Solution, Wt, Res, Meas-
B m T. P. m. P v. ured by,
May 18 1014... Jo10 M. —386 40876 +4oofc 7 +ooor ML
June 1, 1914... o 8 M. 372 536 057 5 ooz M
Sept. 2, 1014... —0 6 P. —279 —0.675 0063 g —ono0r M
Sept:; & IpLg.... 035 P 2796 .13 w55 5 ooy M
May o, 1p15... o021 P. —o3o 40942 fo0036 5 0000 M,
May 19, ro15... 4015 Ma o020 I 041 9 —0006 M.
Aug. 23, 1915... o 1 P -oj6 —0546 +oo020 10 —o0003 M
Sept. 10, 1915... —0 10 3. 094 773 000 9 0005 M
Sept. 12, 1915... +0 5 P. ogh 703 ozxz 7 —ooof M.
June 1, 1916... —0 6 P. 339 f07) —o0020 9 +0.007 AL
June 12, 1916... a2 P 350 501 022 10 o006 M.
June 13, 1916... o018 P. 37T 577 o006 o —ooto M

Normal Equations:
+9.200¢+ 4.323p+ 1.377 == 0.220.
+66.383 +3.137 =—o0.700.
+4912 =-o0.018.
Solution:
c=-+0".029.
p=—10".059 = 0".002.
== 0".016 + 0" 000,

p. e. unit weight, = 0".019.
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CoMPARISON STARS,

No. X. ¥. Dependence.  Diameter. B. D. No.

1 4-166.0 4268 40279 0.57 +33:4m

5 744 —36.4 305 0.54 +38°.3460

7 — 576 +04.4 176 0.50 +38°.3463

13 2432 —z0.8 240 044
L 0.0 0.0 0.43 +-38°.3466
TABLE AND SOLUTIONS FOR ¥,
Hour Timein Parallax

Date, Angle. Obs. 100 Days, Factor, Solution, Wr, Res, Meas
h m T. P, nt. P v, tred by.
May 18 1914... 4010 M. —364 o876 0038 10 o005 M.
June 1, 1014... © & M. 350 736 034 5 008 M,
Aug. 18, 1914... 40 &8 P. —27y2 —o467 40042 6 —oo07 M
Sept. 2 1014... —0 6 P. 257  b75 032 .0 +oooz M
Sept. 5, IoL4... 015 P 254 12 037 .5 —oo03 M
May 10, 1915... 4015 Ma. ooz o871 40011 o —oorz M
Aug. 23, 1015... +0 1 P. 4008 —os4f —ooi2 1.0 Joo03 M.
Sept. 10, 1915... —0 10 S, .16 773 o016 5 005 M,
Sept. 12, 1015... 40 5 P. .18 703 o007 .5 —o.004 M.
June 1, 1016... —o 6 P. 381 4oy —oos0 1.0 +oood M.
June 12, 1016... o 2 P 302 .591 051 .5 oo M.
June 13, 116... o018 P. 303 577 048 .5 —ooo3 M.

Normal Equations:
4 8.5000c— 0.7000p + 08563 r=- 0.0175.
4+ 65.2354 +2.3006 =—o0.78¢g2.

+ 4.3766 =-—o0.0378.
Solution: ¢=- a".001.
p=——0".056 = 0".002.
s——0".011 = 0".00g.

p. e. unit weight, = o".018,

CoMPARISON STARS.
Ko, X. ¥, Dependence. Diameter. B. D, No.
1 +166.0 4268 +o.278 0.57 +38°.3473
5 307

744 —36.4 0.54 +38%.3460
— 576 4044 a2 0.50 -+38%.3463
13 2452 —z08 243 .44

 d 0.4 o6 0.45 +38° 3466
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No. 36. B.D. 4+ 27°.3301. = 2s525. (10" 22™.5:+29° 7'.)
Mag. 7.5. Spectrum G.

The measures are in longitude. This is a binary of long and un-
certain period. The components are separated by about 0”.5. The
combined image of the components seemed slightly elongated. This
image was bisected in the measures. Russell gives a hypothetical
parallax of 0".025 for this star.

Hour Timein Parallax
Date. Angle. Obs. 100 Days, Factor, Sclution, Wi, Res, Meas
h m T. P m. £ . ured by,
Aug. 2, 1015... Jo10 P, —3sp—03557 —0155 B 40007 Sm.
Sept. 7, 1915... —o0 3 P. 346 725 J143 Lo —0.005 Be
Sept. 13, 1915... 40 2z P. 340 701 135 B +4oo0of Be
May 2o, 1916... 4014 M. —ogo 0861 JA15 .5 —0011 Sm.
June 1, gi6... —o 8 P. oy8 738 Jz6 .5 000 Be.
June 4, 1016... a7 P oy  .joz 141 6 o015 Sm.
June 12, 116... S0 19 S oby  J6oo Ji7 B —oo08 Be
Aug. 18, 1916... 4020 P. —o00 —o0.465 g6 .9 —0.008 Sm.
Aug. 25, 1916... o3 P. ooy 567 g2 9 002 Be.
Sept. 21, 1916... o052 M. 0.34 Brz 123 B 000 Be.
June 1, 1018... —0 47 D. 63240743 083 10 -Jooob Sm.
June 8 1018... o036 D. G50 60 074 2o — 003 Sm.

Normal Equations:
+9.5000c+ 1.9080p— 03921 ¥=—1.I51Q.
+ 114.6285 + 134320 = 0.5674.
+ 45374 =-o0.1503.
Solution: c——o".122.
p=-4o".031 = 0".003.
==-}0".013 = 0".013.
p. e. unit weight, = ".023.

COMPARISON STARS.

No. X. ¥. Dependence.  DHameter, B. D. No.
1 —163.6 —171.2 +0.332 0.50 +26°.3550
3 - 728 76.8 210 040
5 1476 “+100.6 193 Nt
6 412 190.4 265 0.39
el o0 0.0 0.63 <27 3301
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No. 37. B.D. + 50°.2847-8. 16 Cygni. (19" 397.1; :|— 50° 18%.)
—o0%0162; —o".152.
Mag. 6.26-6.37. p= {_ o%.0138; —n".I:ﬁ. Spectrum F,
The measures were in longitude. This is a star of the 61 Cyngi
type. Other parallaxes published are:
Slocum and Mitchell, Preceding, 4 0”.043 == o".008.
Following, 4 0”.02B = o".00g.

Adams, Preceding, 1+ 0".063.
Following, 4 o".040. .
Jost, +0o".15 +=o".03L

The same comparison field was used for both components.

TABLE AND SoLUTIONS FoR THE PRECEMING CoMPONENT oF 16 CyoNI

Hour Timein Parallax

Date. Angle. Obs. 100 Days, Factor, Solution, Wt, Res, Meas

b m T P. . F .  ured by,

Sept. 19, I915... 40 6 M. —400 —0501 —0004 1.0 —+0.008 AL
June s, 1916... 4016 S. —1.40 o017 003 J —o0004 M.
June 13, 1916... —0 ¢ P. 1.41 Bs1 o9 0 019 M.
June 30, 1916... o444 P 1.24 M63 JIIL 8 J4ooro M
July 7, 1016... o035 S 17 .500 Jd03 1.0 001 M.
Sept. 17, t916... o 11 M. —o45 —0.573 128 8 o010 M.
Sept. 19, 1g1fi... o 7 M. 043 oo 19 8 001 M,
Sept. 25, 1916... —0 42z P, 037 678 do3 8 —oorf M.
Sept. 28, 1916... 4o 12 M. o34 . JI5 168 004 M.
Oct.. 6, 1016... —o015 P. o020  .Bog 123 0 Soooz M.
Jene 17, 1917... —0 6 P. 4228 fofis 138 6 o008 M.
June 17, 1917... +0 &8 P. 228  Bis I8 9 008 M.
Oct. 2 1017... 40 8 M. 335 —0757 Jd50 1.0 —o003 M.
Oct. 3 1017... —0 10 P. 336 768 asz B 001 M,

Normal Equations:
+ 11.7000c— 0.5780 p —0.9367 r=—1.3725.
+ 512834 —1.7842 =—0.3068.
461629 =+ 0.1747.
Solution: c=—opo".117.
p=——0".041 = o".004.
== -10".037 = 0".012.
p. &. unit weight, = 0".028,
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COMPARISON STARS.
No. X. Y. Dependence. Diameter. B. D. No.
3 + 60.2 +145.6 +o.296 0.50
4 — o8B 1284 J21 0.47
7 188.4 —1848 184 0.50 +49°.3079
10 -+ Gho 2.0 300 0.00 +-50° 2853
x 0.0 0.0 0.71 ~+50° 2847
TapLe axp SovvTions For THE Forrowine CoMPONENT oF 10 CyeNL
Hour Time in Parallax
Date. Angle. (Obs, 1oo Days, Factor, Sclution, 'Wt., HRes, Meas-
h. m. T. P. m. #. v, ured by,
Sept. 19, 1915... 40 6 M. —400 —0501 —0Io4 I.0 0004 M,
June =, 1016... 016 5. —I140 o017 116 7 =ooor M.
June 13, 1916... —0 9 P. 41 831 Jog B —oooy M.
June 30, 1916... 043 P. 124  .663 Ja24 8 o006 M,
July 7 1916... 033 S L1y 560 14 .0 —oo0s M,
Sept. 17, 1916... 0 11 M. —045 —0.573 a8 8 —opoz M.
Sept. 19, 1016... o 7 M. 0.43 o0 133 45 -+ooo; M.
Sept. 25, 1916... —o0 42 P. o3y  O78 24 B —ooor M.
Sept. 26, 1016... oay P. o036 6ot 133 B Joooz M,
Oect. 6, 1016... o015 P. o206  Boz 31 4 —ooor M.
June 17, 1g17... —0 6 P. 228 JoBi1s 153 b Joooy M,
June 17, 1917... 40 & P. 228 B3 J8 B ooz M,
Oct, =2, 1017... o 8 M. 335 —0757 Ja58 1o —oooz M
Oct. 3, 1917... —010 P. 336 768 66 .5 Soo05 M,
Normal Equations:
+ 11.3000c — 1.6400p— 1.0421 #=—— L4710,
+ 470822 —00547 =—0.1710.
+ 58740 =} 0.1666.
Solution: —=—0".131.
p=——0".038 = 0".002.
==} 0".018 + 0".006.
p. e. unit weight. = 0”..014.
CoMPARISDN STARS,
Nao. X, Y. Dependence. THameter., B. D, Ko.
3 + 692 +145.6 0297 0.50
4 — 38 128.4 089 047
7 1884 —1848 182 0.50 -L40°.3070
10 + 660 620 432 o.60 +50° 2833
L + 63 — G4 0.65 +50°.2848
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No. 38. B.D. -+ 34°.3727. OZ 387. (19" 45™0;+ 35° 4)
Mag. 6.9. p=— -+ 0%.0068; + 0" .084. Spectrum F..
This is a binary of long, uncertain period. The measures were
made in longitude. Russell found for this star a hypothetical par-
allax of 0".022.

Hour Time in Parallax
Date, Angle, Obs. 1oo Days, Factor, 3Solution, W, Hes., Meas-
b m. r P. [ P r. wured by.
Sept, 7, 1914... —0 37 P. —413—03518 —o0g0 .9 0008 AL
Sept. 8, mg14... w014 P 412 505 000 .5 008 M.
Sept. o, 1014... oz28 P 411 oy o759 .5 —ooo3 M.
Sept. 10, 1914... o3 P 410 Har 072 0 o M
June 2z 1915... 40 o M. —I1.25 40632 o6y 6 Sooir M
Sept. 10, 1015... o026 5. —o045 —0.b619 056 B Joooz M.
Oct. 3, 1015... o g 5 oz2 A 043 Lo —oo10 M
June 1, 1916... 4023 P. =220 to8s8 034 1o 40004 M.
June 4, 1916... oo P 223 Bag 02z 7 —ooo8 M.
June 13, 1016... o1r: P 232 T 015 0 014 M.
June 21, 1916... 0 5 = 240 O34 037 .5 +oood M
June 22, 1016... —0 36 P. 2.41 20 033 7 004 M,
Sept. 2z, 1916... Soz2z P. 4336 —o803 020 Lo —0003 M
Sept. 28, 1016... o 42 M 339 B32 035 .5 +ooog M

Normal Equations:
+ 10.5000¢ + 0.9300 p— 1.0309 ¥ =—0.5003.
4857079 +92814 = 0.6305.
+ 54813 =+0.1379.
Solution: c=—o0".040.
ﬂ=+’u"-°35 4 G".Wan
r—-0".015 = o".012.
p. €. unit weight,, = 0".025.

CoMPARISON STARS.

No, X. ¥. Dependence. Diameter. B. D. No.
3 1682 — 189 +o.219 0.50 +34°-3735
9 —123.3 + 436 -205 0.88 -+35".3800
1 983 — 797 -332 0.35 +34° 3722
15 —+200.3 +115.9 154 .41

x oo 0.0 o8z 4343727
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No. 39. B.D.-6%4357. 8 Aquilae=0%2 532. (19" 50™.4;
-+ 6° ¢'.) Mag. 3.90. p= - 0%0023;—0".483.
Spectrum K.

The measures are in longitude. This star is B. G. C. g724. The
distance between the components is 12”08 and their magnitudes are
3.4 and 11.3 respectively. The brighter component only was re-
corded. Burnham says, “ But little change in either angle or dis-
tance but components have a large common proper maotion.”

Other published parallaxes are: 3
Mitchell, (Photographic), -+ 0".066 = o".or1.
Adams, (Spectroscopic), - 0".072.
Russell, (Hypothetical), --0".053.
Hour Tima in Parallax
Date, Angle. Obs. 100 Days, Factor, Solotion, Wt, [Res, Meas-
h m T P. . I v. ured by.
Sept. 29, 1015... 4033 P. —316 —0go4 0007 .5 —oooz Be
Oct. 10, 1015... o2 5 3.05 507 106 B 012 Sm.
Oct, 12, 1915... —0 4 PF. 3.03 074 oz 0 0002 Sm.
Oct. =24, 1915... =053 M. 201 04 000 B —ooob Be
June 1, 116... 4030 P. —ojyo 4ojr2 112 5 40001 Sm.
June 4, Ig16... o156 P ob7 738 006 6 016 Sm.
June 5, 1016... o048 5 ob6h 728 J16 1.0 —oo04 Be.
June 12, 1016... o34 5 050 640 JII g 000 Be,
Sept. 10, .1916... +o0 44 P. o3t —oy32 088 5 Fooor Sm.
Cet. 6, 1016... o 5 P 057 4952 070 .5 005 Sm
Oct. 7, 1016... —0 18 Ma. 058 .30 073 0 012 Be.
June 8, 1018... 4o 2z D. 667 0607 004 1.0 —D002 Sm.
June 8 1g1B... o018 D 66y o7 007 10 005 Sm.

Narmal Equations:
4 9.7000¢  3.4020p— 1.2010%— 4 0.0428.
4+ 118.1568 158604 =L 023548
+ 6.7576 =—0.0648.
Solution:
c=-ao".100.
p=—n0".012 * 0".003.
==+ 0".067 = 0".011.
p. c. unit weight, + o".022.
PROC, AMER. PFHIL. 50C., VOL. LIX, I, MARCH 3I, 20,
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CoMPARISON STARS.

No. X. ¥.
i + 980 —174.4
4 110.4 +144.0
5 —1148 02.0
14 2144 —147.6
L 0 0.0

Dependence.

40263
33t
243
161

Diameter.

o087
0.04
0.46
0.60
077

MILLER—PARALLAXES OF FIFTY STARS.

E. D. No.
4574344
+6°.4362
+5°4332
+674357

No. 40. B.D. -+ 20°.4452-3. = 2637=—29 Sagittae. 20" 5™.5;

+ 0".0039; — 0".096.
4 20° 37'.) Mag. 7.0-7.8-8.3. p= .+ 0'0036;
— o 0003; — 0" .010.

o'.113.

This star is number 9955 in B. G. C. In the tables that follow I
have used the designation given by Burnham. No other parallax of
this star has been published. The measures were in longitude. The
same comparison field was used for each of the three components.

TABLE AND SotutioNs For T 2637 A.

Hour Time in Parallax
Date. Angle. Obs. 1oo Days, Factor,

h m T. P.
Sept. 3, 1015... +o034 S, —339 —0517
Sept. 7, 1015... o=z P 335 574
June 4, 1916... +o21 P. —o064 +o0.832
June 13, 1916... o4 P 0.55 737
June 22, w16... —o21 P. o046 623
Sept. 25, 1g16... o3 P. 4040 —o0.800
Oct. 5, 1916... o3 P o50 850
Oct. 12, 1916... o41 M obb 935
June 7 1w18... +o 2z Ma 660 +o8o7

Normal Equations:

Solution,
.

—o.081

B BBk 8RB B

.7 —0.001
H 0000

.5 —0.002

B 0.000

.5 =—0.002

Res,, Meas
v. uored by,

Be.

Be.

Sm.
Be.
Be.

Be.
Sm.
Sm.

Sm.

+-0.004

—0.001
+0.003

+ 6.8000 ¢ — 1.6290p— 1.3190 7 =—04511.

-+ 42.1021

Solution:

+ 34070 =+ 0.3175.

+ 40341 =1 0.1173.

c——o".064.

p=+ 0".022 =+ o".00L.
r=-+0o".019 = o".004.

p. e. unit weight, = 0".008.
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ComPaRIsox Stams,

No. X. Y. Dependence. Diameter. B. D. No.
2 —+126.6 -+ 30.1 ~+o.478 111 20" 4460
4 —221.1 482 336 .81 —+20".4444
12 101.1 —I103.I 041 0.40
14 ~+-205.7 1108 145 0.45
A 1.8 + 132 I.16 +20% 4453
TABLE A¥D SoLvuTions ror = 2637 B.
Hour Time in Parallax
Date, Angle. Obs. 100 Days, Factor, Solution, Wt., FRes, Meas
h m T. P. . £ v. ured by,
Sept. 3, 1915... 4034 S —453 —0517 0002 6 —0.008 Be
Sept. 7, 1015... o021 P, 440 574 —0.001 o 005 Be
June 4, 1016... 4021 P, 1.78 40832 0.006 9 o002

June 13, 1016... 014

June 22 1016... —o0 21 6o 625 004 Lo 40005

J Sm.
P 160 T37 008 10 0000 Be
P Be
Sept. 10, 1016... =1 3 P. o.fo —of2y o011 8 —ooo1 Be
P
P

Sept. 25, 1016... o 31 obhs  Boo 017 Lo oof  Be.
Oct. 5, 1916... 0 37 3 0.55 B8y 000 L0 40011 Sm.
Oct. 12, 1916... o4t M. o48 35 008 5 003 Sm.
June 1, 1g18... o o DL 43540 40865 o040 10 0000 Sm

June 7, 1938... —o 18 Ma. 555 Boy 035 .5 o005 Sm.
June 7 1018... 40 2 Ma. 5.55 Boy 047 H — 007 Sm

Normal Equations:
+ 10.1000c— O047I0p+ 0.6231 7= 0.1473.
+ 1133401 + 127083 = 0.5000.
+ 58526 =+ o0.0728
Solution:
c=—-0".015,
p=-+0".020 = 0".002.
== 0".007 =+ 0".00g.
p. e. unit weight, = o".018.

CoMPARISON STARS,

No. X. ¥. Dependence.  Diameter, B. D. No.
2 +126.6 4+ 0.1 -+0.485 1.11 +4-20° 4460
4 —221.1 48.2 .343 o.81 +20"4444

12 IDI.1I —I03.1 A3 040
14 “+z05.7 110.8 138 0.45

B 10.5 + 154 0.53
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TABLE AND SoLuTIoNs For Z 2637 C.

Hour Timein Parallax
Date. Angle. Oba 100 Days, Factor, Solution, Wt Res, DMeas-
h m T. P. m. b v, ured by.
Sept. 3. IoI5... 034 S —453 —0517 —o0Jo4 10 —0.001 Be,
Sept. 7, 0I5.:. o3 P 440 574 J09 Lo o004 Be
June 4, 1016..2 oz P. —1.78 o832 a06 1o -ooo7 Sm.
June 13, 1916... o014 F. 160 737 o091 9 —o0.000 Be
June 2z, 1g16... —0 21 P. 160 625 Jdod 1o ooo0 Be
Sept. 10, 1916... +1 3 P. —o080 —ofz 095 8 —oon Be
Sept. 25, 1916.... o031 P. 065 o800 gdJoz B .005 Be.
Oct. 5, 1016... 1 A o35 .BSo a16 1o Jooof Sm.
Oct. 12 1016... ©O41 M o048 035 Jd0g 1.0 001 Sm.
June 1, 1018... o o D. 540 40865 J16 7 —+oors4 Sm.
June 7, 1g18... —o 18 Ma. 555 S0y o004 6 —oopof Sm.
June 7, 1wn8... 4o 2 Ma 555 8oy o0 6 006 Sm.

Noarmal Equations:
+ 10.4000c— 5.6080p— 0.36007=— 1.0787.
+ 108.4230 + 11.7603 = 0.5001.
+ 50618 =4 0.0608.
Solution: c=——0".104.
p=——a0".002 = 0".003.
==+ 0".022 = 0".011.

p. e. unit weight, = o".024.

COMPARIZON STARS.

Xo. X. Y. Dependence. Diameter. B. D. No.
2 +126.6 <+ 30.1 —+0.402 LII 420”4460
—231.1 48.2 328 o.81 420" 4444
12 101.1 —103.1 10 0.40
14 -+205.7 119.8 160 0.45
L oo o0 0.91 +20°.4452

No. 41. B.D.4-43°.3513. OX 400. (20" 6%9;=43" 39")
Mag. 7.5-8.5.

The measures are in longitude. This is a binary with a period of
74.5 years (Burnham). The components are separated by o".31.
The combined image, which is sensibly round, was bisected in the
measuring. Russell finds a hypothetical parallax of 0".021.
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Hour Time in Parallax
Date. Angle. Oba. 100 Days, Factor, Solution, Wt., Res, Meas
h m T. g [ P v. uredby.

Sept. 21, 1914... —013 M. —297 —03%0 -—0100 10 0003 Be
Sept. 22, 1014... 0 3 M. 206 504 .I05 B4 —ooom Be

Oct. 2 1914... 40 4 M. 28 721 00 1.0 40001 Be
June 23, 1915... —0 3 Ma. —o22 40700 093 .10 oooo Be
June 24, 1915... 0 z M. o2r g8 o8 7 —o.006 Be
June 27, 1915... o 7 ML 0.18 745 095 5 000z Be

40 5 Lofiz —0.491 Jo04 B o000 Be.

Sept. 15, 1915... —O :

Sept. 25, I015... 0 Ma. 052 631 A3 .7 o007 Be

Oct. 23, 1915... +0 &8 P. 1.00 13 Jd02 1.0 —Do0S5 Be
1

June 30, 116... —o0 30 +-3.51 —-0.701 003 Lo o000 Be
July 7, 1016... 033 S 358 611 006 1.0 40004 Be

Normal Equations:

+9.600¢ 4+ 4.970p—0.552 7 =—0.967.
4+ 50951 +7.979 =+ o0.038.
+ 4.660 =4 0.100.
Solution:
c=—uo",100.
p=-o".001 = 0".002,
==-0".043 = 0".007.

p. e. unit weight, + o".012.

CoMPARISON STARS.

No. X. Y. Dependence. Diameter. B. D. No.
i —200.0 +140.8 4-0.152 0.61 -+43°.3500
2 124.0 — 47.2 354 054 +-43".3500
5 + B1.6 + 336 215 0.63 +43°.3517
9 195.2 — 504 279 0.48 +43°.3521
r 0.0 0.0 082 “+43°.3513

No. 42. B.D.+ 15°.4255. y Delphini. (20" 42™.0; + 15° 46'.)
Mag. A. 4.40. { A .—o"0023;—0".204. Spectrum G.,.
B. 5.47. T B.—0%0014; —0".104.
This star was measured in right ascension. The components
have a common proper motion and some relative motion. Other
published parallaxes are by
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Russell, (Hypothetical), - 0".045.
Mitchell, (Photogrpahic), A.+ o".071 = 0".000.
B. 4 0".063 % 0".009.

Adams, (Spectroscopic), - 0".022.
The same comparison field was used for both A and B.

TABLE AND SoLUTIONS FOR A

Hour Timein Parallax
Date, Angle. Obs. 100 Days, Factor, Solution, We, Hes, Meas
h. m. v P m. P . ured by.
Sept. 13, 1915... —0 12 S. —459 —065 —o02B B fo013 M.
Sept. 14, 1015... o0 3 B 438 66 013 Lo —oooz M.
Nov. 5, 1015... 110 M. 4.06 05 015 .5 £001 ML
June 13, 1016... 40 4 P. —185 4070 23 .5 +ooor M
June 21, 1016... o015 S. 1.77 S0 022 09 20 o000 M
June 30, 1916... —o0 17 Ma. 1.68 48 o B —opo3 M
July % 1916... o020 W. 1.61 .37 7§ S o1 M.
Sept. 25, 016... +ozz P. —o8t —oj8 022 1o 4ooor M.
Oct. 6, w16... —o0 11 P, 0.70 By 023 1O ooz M.
Oct. 26, 1916... 025 M, 0.50 gb o929 .5 008 M.
June 7, 1018... —0o 1 Ma =330 077 032 .5 —owoor M.
June 15 1018... oz28 D. 547 68 03 8B Jooos M
July 1, 1018... 2 P 563 47 o023 .5 —ooto M.
July =, 1018... o33 D 5.64 Ab 031 ) ooz M,

Normal Equations:
+ 10.4000c— 2.0600p— 0.6740 7 =—0.2424.
1 1388860 -+ 14.8623 ——0.1464.
4- 4.B674 = 0.0000.
Solution: c=—u0".024.
p=——0".007 + 0".002.
r=-0".007 = a".o010.
p. e. unit weight, == 0".018.

CoMPARISON STARS,

Na. X. Y. Dependence. Diameter. B. D. No.
- ~}-208.6 — 122 +o0.270 0.00 +15° 4258
3 —127.2 227 478 o.80 +15°.4248
6 2683 +113.5 .08z 0.49 157 4244

9 +153.0 206 161 0.62
A LI 0.0 1.06 415" 4255



Sept,
Sept.
Now.

June
June
June
June
July

Sept.
Oct.
Oet,

June
June
July
- July

MILLER—PARALLAXES OF FIFTY STARS.

Date.

13,
4
S

13,
21,
=2,
30,

7

23,
6,
26,

7
15,
I,
2

1915...
DI ..
1915. . .

1916, ..
1916, ..
1916, ..
1916. ..
1016. ..

1916. ..
1916. ..
1916. ...

1918. ..
118, ..
1918, ..
8. ..

TABLE AxD SoLuTions For B,

Hour
Angle.
h m
—0 J2

4o 3

I 10

+0 4
o 15
—0 25
0 17
0 20

+o 27

—0 6

~+o 30

- I
o=8
L. 2

o0 33

Normal Equations:
+ 10.1000¢c + 23130+ 02180x=- 1.2356.
+ 141.2385 4+ 14.6610 = 0.2002.
+ 4.6606 = 0.0138.

Solution:

He oves n

c=--0".122.

Time in FParallax

Obs. 100 Days, Factor,

grown gow

'P

DROE RN =

T.

—447
4.46
394

L73
1.65
1.64
1.56
140

0.60
0.58
0.38

551
5.59
575
576

P
—o0.65
i
B3
“+o.70
it
.58
48
37
—o.78
87
o6
+0.77
i

47
A6

Solution,
m.

+o.107
133
A17

100
26
120
119
134

18
136
24

127
A10
b

4 (]

p=—n20".002 = 0".003.
w——o0".008 £ 0".015.
p. e. unit weight, = 0".026.

+2086
—127.2

2633
“+133.0
—_ 23

COMPARISON STARS.

= 122
227
+113.5
30,6
+ o0

+0.276

483
04
157

139
Wi, Res, Meas
P . ured by.
.5 o018 AL
7 —oo008 M.
B toocg AL
-5 o013 M.
L —ooog M.
5 004 M.
6 <oooz M.
1.0 —oo12 M.
5 Gooob M.
H —0012 M.
5 000 M.
5 —o008 M,
1.0 o000 M.
.5 —o002 M.
10 =ooor M.

+15° 4238
+15" 4248
+15°.4244
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No. 43. B.D, 4 3°.4473. 2 2737=¢ Equulei. (20" 54™.1;
+ 3" 55.) Mag. 5.29. p=—0"0084; —0".144.
Spectrum F,.

This is a triple system. The three components, called by Burn-
ham, A (mag. 5.1), B (mag, 6.2), and C (mag. 7.1), have a com-"
mon proper motion. A and B, separated by 0".62, form a binary of
uncertain period. The measures were made by bisecting the com-
bined image of these two components, which is sensibly round. The
measures are in longitude. Other published parallaxes are:

Russell, (Hypothetical), -+ 0".02z2.
Mitchell, (Photographic), - 0".043 =% 0".010.
Adams, (Spectroscopic), - 0".038

Mitchell found for C a parallax of 0”.002 = 0".012. We did not

measure C because its images on our plates were very faint.

Hour Tima in Parallax
Date. Angle. Obs. 100 Days, Factor, Solution, Wt, Res, DMeas
h m ¥ i P, wt, F R . mred by,
Oct. 30, 1015... -0 13 Ma. —3.55 —0.074 0132 B —oworo Sm.
Nov. 7, 1015... 044 5 347 9% J13 Lo o008 Be.
June 13, 1916... 4020 P. —128 jofas; Jo0 .5 o010 Sm.
June =22, 1916... —o0 10 P. .19 27 o6 .5 003 Sm.
June 30, 1016... 4020 Ma. L.11 Sz 110 7 —o002 Be.
July 4, 1016... o500 M. .oy  .576 Jd16 B 009 Be
Sept. 28, 1016... 4030 M. —o021 —0746 006 .5 —ooo1 Be
Oct. 6 1016... o1p P o013 B2 Jdo3 6 000 Sm.
Oct, 7 1016,.. o038 Ma o1z B8 o095 5 001 Be,
Oct. 8 1916... © o M. [ 5§ S o8z B Jooiz Sm.
June 8 1918... —o0 7 D. 507 o875 044 Lo fo007 Sm.
July 7, 1n8... ogh P 626 536 054 Lo —0.007 Sm.

Narmal Equations:
+87000c+ 2y210p— 0.6485r=- 08123

+ 100.3061 - 13.1041 =—0.509L.
+ 55508 =—o0.1481.
Solution: c=-40".096.
. p=—0".038 = 0".003.

==-+1o".018 = o".012.
p. e. unit weight, = 0".024.
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COMPARISON STARS.

No. X Y. Dependence. Diameter. B. D. No.
3 +223.9 — 750 +0.332 045
6 IZI fi2.0 050 0.54

10 — 830 21.0 128 0.37

12 1344 + 647 481 0.47 +3" 4460
v 0.0 0.0 0.66 +3" 4473

No. 44. B.D. 4 45°3558. 71 g Cygni. (21" 257.8; 4 46° 6.)
Mag. 5.35. p——0%0044; |+ 0".104. Spectrum K.
The measures were in right ascension. Other published par-
allaxes are:

Abetti, (Transits), -+ 0".056 = 0".043.
Schlesinger, (Photographic), 4 0".040 %= 0".043.
Adams, (Spectroscopic), -+ 0".014.
Hour Time in Parallax
Date. Angle. Obs. 100 Days, Factor, Solution, Wt Res, DMeas
h m T. P. . P . ured by.
Sept. 22, 1014... —029 M, —afiy —ofii —oi150 B —o0.003 5.
MNov. 2 1914... 40 6 P, 226 03 55 8 -oo0z2 S
June 22, 1915... 0 5 M Joos o7z Ja35 8. —owor S,
June 24, 1015... o 2 M. 0.08 70 25 1o o115
June 28 1615... —0 1 Ma. o012 B6 J38 9 o002 5
July 5 1015... o 4 Ma. oag .56 A47 B .11 S,
July 6, 1015... o o M 0.20 .55 I35 1.0 —ooo1 S
July 8 1915... —0 3 M 0.22 52 I35 9 oo S,
Sept. 10, 1015... —0 18 5. 4086 —o4n 42 7 40003 S
Now. 17, ID15... a0 P .54 04 38 8 —oo0z S
Nov. 27, 1915... Jo 19 M, 1.64 02 a3 6 oot S,

Normal Equations:
4+ 0.100c— 0.340p + 0.513 r—=—1.268.
413953 +1.134 =-}o0.102.
+ 4415 =—o0.042,
Solution:
c=—ao".140.
u=- 0".016 = 0".005.
r=-0".027 = 0".008,
p. . unit weight, = o".018.
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CoMPARISON STARS.

No. X. Y. Dependence.  Diameter. B. D. No.
3 — 552 —139.2 —+0.223 0.54 -+46°.3331
4 127.1 830 .391 0.55 46" 3325
1o +1822 2222 386 048 +45°.3567
T 8z 221 .85 +45°.3558

No. 45. B.D. - 45°.3562. (21" 26™1 + 46° 7'.2) Mag. os.
The measures were in right ascension. No other parallax has
been published.

Hour Time in Parallax
Date. Angle. Obs. 1oo Days, Factor, Solution, Wt, Res, Meas
h m T. F m. #. . ured by.
Sept. 22, 1014... —0 29 M. —2066 —o061 —oa46 .5 o008 S
Nov. =2 1014... 40 6 P. 225 93 a3 8 —oo007 S
June =z, 1g15... +0 5 M. o007 4ojy2 a37 B 4ooo2 S
June 28, 1p15... —0 1 Ma. 013 H6 J30 1o —ooos S,
July =, 101%5... 0 4 Ma o020 56 J33 1D ooz 5,
July 6, 1915... o o M 021 .55 I35 9 o000 s
July B 1015... —0 3 M 023 .52 .34 1o —ooor S
Sept. 10, 1015... —0 18 5. Fo87 —og a23 B —oo00B S
Nov. 17, I015... oo P 1.55 4 32 7 Yooz 5.
Nov, 27, 1015... 019 M. 1.65 B2 137 6 007 S

Normal Equations:
+8300c— 0.086p+0.102F7=—L1I1.
+13.077 +1.055 =-+0.034.
+ 3920 =—o.017.
Solution:
c——0".134.
p=-0".00g = 0".005.
+——o0".006 = 0".000.

p. e. unit weight, == 0".017.

CoOMPARISON STARS.

Ko, X. Y. Dependence. Diameter. B. D. No.
4 —157.6 —200.0 o756 0.55 +46° 3325
8 248 + 657 —o.636 0.50
9 + 306 489 +o.072 042 +45°.3563

10 1517 05.3 Hol 0.48 +45°.3567

w 21.3 —120.1 0.54 -H5°_35ﬁ.3
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No. 46. B.D. -4 45°.3566. (21" 26™.8; 1 46° 5.7.) Mag. 8.2

The measures are in right ascension. No other parallax has been
published.

Hour Time in Parallax
Date. Angle. Obs. 100 Days, Facter, Sclution, Wt, Res, Meas-
h m T. P. m. P v, ured by.
Sept. 22, 1914... —029 M. —=265 —o61 o132 B Hoo006 5.
Nov. 2, 1914... +0 6 P. 2.24 L2 Jd44 7 —ooos S,
June 22, 1915... 40 5 M. <008 o072 145 B —ooom2 5,
June 24, 1915... o z M o010 Jo JA46 10 o003 5.
June 28 1015... —0 1 Ma. o014 66 Js8 8 015 S,
July 5, 1915... 0 4 Ma o021 56 I3 B 4oomz 5.
July 8, 1g15... o 3 M. 024 52 37 9 006 S,
Sept. 10, 1915... —0 18 5. 4088 —ou4r 142 B -+tooo3 S
Nov. 17, 1915... © o P. 1.56 04 a3 B 007 5.
Nov. 27, 1915... —+0 19 AL 1.66 02 158 .5 —ono1z S,

Normal Equations:
+7.000c— 02465+ 0.048 r—=+ L.127.
-+ 13192 -+0.907 =—0.000.
+ 3902 =+ o.0l0.
Solution:
c=- 0".143.
p=- 0".00g9 = 0".007.
r=-+0".002 &= 0".014.

p- e. unit weight, = 0".027.

CoMPARISON STARS.

No. X. i Dependence. Diameter. B. D. No.
1 +112.5 +135.4 +0.323 0.54 +46°.3565
3 — g2y —184.4 1.250 0.54 463331
4 164.5 128.1 —uo.885 0.55 +-46°.3323

10 +144.8 +177.1. +0.303 048 —+45°.3567
r 100.3 — 2.1 1.00 +-45°.3566
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No. 47. B.D. 4 29°.4550. Lalande 42883-5. (21® 54™.2;
+29° 21) Mag. 7.3. p——0"%0295; —0".378.
The measures are in right ascension. Other published parallaxes
are:
Flint, -+ o".080 + 0".027.
Gill, -+ 0”274 = 0".017.
Elkin, -+ 0".124 = o"o10.
Chase, - 0".020 =% 0".043.
Adams, - 0".066.

Hour Time in Farallax

Diate. Angle. Obs 100 Da Factor, Solution, Wi, Res, Mecas

h. m. T. 1 m. IR v, ured by,

Oct. 11, 1915... —0 23 P. —320 —054 -0.021 g —0004 Sm.
Oct. 21, 1015... 40 2 M. 310 Bz 016 B o0z Sm.
Oct.” 30, 1915... 01y Ma 3o By 016 1.0 003 Sm.
June 30, 1916... —0 2 Ma —557 Jojo —ooiy .7 —o.oof Sm.
July =7, 1016... =018 Ma 0.50 Mz 035 B o000 Sm.
July 11, 1916... o048 M. 0.40 .57 08 o o000 Sm.
July 28, 1016... Ma. 0.20 34 044 6 o011 Sm,
Oct. 7 1016... 4016 Ma o4z —ojo0 —o046 6 —ono8 Sm.
Oct. 26, 1016... o5z M. .61 B6 o066 B -oooy Sm.
Nov. 2z, 1016... 030 M. 0,68 90 .ofig B 004 Sm.
June 25, 1I917... —0 o M. <4303 1075 —0.I00 7 o005 Sm.
June 30, 1917... o052 P 3.08 g1 o84 B —oor3 Sm.
July 27, 1p17... 40 8 Ma 335 35 Jo3 5 001 Sm.

Normal Equations:
4+ g5000c— 1.5730p—0.90107=——0.3601.

+ 449849 +8.3282 =—0.7656.
+ 5.0824 =——o0.0010.
Solution: c=——o".041.
p=—0".093 == 0".004.

»=-0".034 == 0”011,
P. & unit weight, = o".0z21.
CoMPARISON STARS,

No. X. Y. Dependence. Diameter. B. D. No.
2 —1528 — 74.0 +0.344 0.53

3 140.0 +123.2 204 0.37

6 +1422 140.0 155 0.74 ~+20".4558
0 158.8 — 728 297 0.40

b

"o 0.0 0.70 +20°.4550




_ Nov. 7, 1916... 019
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No. 48. B.D.} 69°.1228. X 2883. (22" 8=.4; 4 69° 38'.)
Mag. 5.54. p=——0%0106; - 0".018, Spectrum F.

The measures are in right ascension. The brighter component
only was measured. No other parallax has been published.

Hour Time in Parallax
Date, Angle, Obs. 100 Days, Factor, Solution, Wi, Fes, Meas-
h m T. P. . . v, wured by.
Mov. o, I015... +o032 Ma —333 —ogr —o00/3 9 —o0.006 Sm.
MNov. 21, 1915... o 5 M 3.21 A2 o735 1.0 005 Sm.
Nov. 26, 1015... o P. 3.16 a3 o087 5 o006 Sm.
June 3o, 1916... —+o 19 Ma. —o009 1o73 o077 1o o003 Be
July 7, 1916... 028 Ma. ogz 6 a7 b .00z g:l

+o000 Be
004 Sm.

Qct. 11, 1916... —0 16 P 5
M 0
June 3o, 1917... —029 P 4266 4073 Ja14 6 -tooof Sm.
P g
P A
P 7

4004 —0.70 JAI3
.31 50 a7 1

June 30, 1917... 017 266 73 B[] —o.000 Sm.
July 30, 1917... o 58 206 36 Ja13 003 Sm.
July 30, 1917... 0 44 296 a6 Jar4 ooz Sm.

Normal Equations:
4 g.ooooc— 1.5370p— 1.0230 v=—0.8565.
+ 554880 4 115575 =—0.1738.
+ 52340 =-0.0777.
Solution:
c——o0".095.
p=—0".043 = 0".003-
r—-0".078 = 0".010.

p. . unit weight, = o".016.

CoMPARISON STARS.

No. X. Y. Dependence. Diameter, B. D. Ko,
1 +178.0 + o1.2 +o.262 ofiy +60°.1231
6 114.0 —182.4 277 .77 +65°.1230

10 —1o4.8 + 37.6 239 ofz +-60°.1227

12 2384 8r2 232 0.80 6071210

= 0.0 o0 0.4 +60°.1228
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No. 49. B.D. 4 29°.4741. n Pegasi. (22" 38™.3; -+ 29° 42".)
Mag. 3.10. p=- o".0008; —o0".035. Spectrum G.
The measures are in longitude. This star is a spectroscopic
binary. Other published parallaxes are:
Flint, —o".037 = 0".027.
Schlesinger, —o'".002 = 0".013.
Adams, -+ 0" o4z,

Hour Time in Parallax
Date. Angle. Obs. 100 Days, Factor, Solution, Wr, Res, DMNeas
h m T. ‘L . A v. uredby.
Oect. 25, 1015... 40 5 P. —344-—0358 40187 .5 o000 Sm.
Dec. 1, 1615... o2 P 3.07 040 92 1.0 —ooo4 Be.
Dec. 14, 1015... 054 ML 204 083 a8y 10 -ooo4 Be
Aug. 6, mg16... —1 o M. —o58 4o.b31 202 1.0 —o.0I2 E:l-.
Avg. 13, 1016... o023 P. O51  .555 a84 8 o006 Be
Aug. 15, 1016... oz P 040 524 178 ] 012 Sm,
Nov. 7, 1016... o3 M. o35 —o768 191 B o001 E:I‘
Dec. 17, 1016... 11 M 0.75 o84 A86 10 007 Be.
Dec. 19, 1015... 111 M. 077 g8z 202 0 —0,000 Sm.
July 30, 1017... —035 P. +300-40740 1990 6 —0.005 Sm.
Avg. 5 19017... ©o4z P. 306 666 aB8 o -ooob Sm.
Aug. 10, I9I7... 131 P. 311 500 201 .5 —0.007 Sm.

Normal Equations:
-+ 9.8000c— 1.2780p— 1.8561 =1 1.8708.
+ 44.5793 +8.4866 =—o0.1926.
+6.1507 =—0.3488.
Solution: c=-o".191
p=-0".006 + 0".004.
s——o0".004 = 0".012.
p- e. unit weight, =+ 0".024.

CoMPARISON STARS.

o, X. Y. Dependence.  Diameter. B. D. ¥o.
2 —+183.4 + 232 +0.350 0.63
] —231.2 186.8 207 .50

11 2444 — 61.6 JI57 048

22 + 65.6 130.2 =277 030
x 0.0 0.0 110 +20° 4741

P

oy
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No. s0. B.D.+ 19°.5094. = 3o0o7. (23" 177.8;+ 20° 1)
Mag. 6.9. p= -+ 0%.0226;—o0".019.

= 3007 is a double star, whose components have a common proper
motion. The brighter component only was measured. The meas-
ures are in longitude. No other parallaxes have been published for

this star.
Hour
Diate. Angle.
b, m
Nov. 26, 1015... -0 54
Dec. 26, 1015... 138
Aug. 13, 1016... -0 22
Aung, 17, 1916... 037
Aug. 15, 1916... 013
Nov. 8 116... 40 4
Dec. 10, 1916... 0 51
Aug. 5, 1017... —O0 38
Aug. 10, 1017... 0 5
Aug. 11, 1917... =0 10

Normal Equations:
4+ 7.2000¢ 4+ 2.0830p -+ 0.5000 =+ 0.8605.
4 326104 +6.8602 =+ 0.8268.

+ 390390 =+ 0.2245.

Solution:

Time in Farallax
Obs. 100 Days, Factor, Solution,
i P. .

P. —342 —0f04 o048
M. 312 070 050
P. —ofr 40615 14
) 057 558 08
P. 075 530 104
P. o006 —0731 003
116

M, 0.38 70 116
P. =276 o721 .16
Ma. 281 668 1bo
M. 28z 644 168

c—=-+o".114
p=-40".072 = 0".004.
==+ 0".061 = 0".012.

p. & unit weight + o".019.

10
18

X.
+237.2
—1480

50.3
346

0.0

CoMPARIZON STARS,

Y. Dependence. Diameter.
— 7.0 o280 044
L180.0 334 0.41
— 335 231 a.30

1622 A58 .35
0.0 0.64

Wt,,
P
0,002

5
fH —o.006

—0.003
“-0.006

—0.002

e

B. D. No.

+19°.5004

Fes, Meas-
#,  ured by,

Sm.
Be.

Be.
Sm.
Be.
Sm.

Be,
Sm.
Be,

Sm.

Be.
Sm.
Sm.
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THE COMPONENTS AND COLLOIDAL BEHAVIOR OF
PLANT PROTOPLASM.

Br D. T. MacDOUGAL axp H. A. SPOEHR.
{(Read April 23, 1920.)
SUMMARY 0P GENERALIZATIONS PrEVIOUsLy DISCUSSED,

The principal conclusions established by our previously described
investigations which are of direct interest with relation to new re-
sults to be presented are as follows:

I. The protoplasmic mass of the active cell of the plant is a
mixture of carbohydrates chiefly in the form of pentosans and al-
buminous substances, with a probable very low but undetermined
proportion of lipins. In addition to the mucilaginous substances of
the first, freely soluble sugars may be present in the cell solutions.

II. The principal components of plasmatic masses, the mucilages
and the proteins, are mutually non-interdiffusible and hence when
brought together in the cell by minute accretions or mixed in liquid
form must be taken to form complex emulsions or mesh-works, and
to occur separately both in disperse phase and disperse medium.

III. Of the components of such a mass the one which could be
regarded as the more solid as having the lesser attraction for mole-
cules of water, would tend to take position in the peripheral layer
and to assume a greater density by lessening the liquid phase in the
surface layer.

IV. The external layer of any colloidal mass or of any layer
where two masses meet has invariably a composition determined by
the constitution of the impinging masses. The formation of the
cellulose wall which is first seen as a free plate between two separat-
ing protoplasts has a structure resulting from such action. The
plasma of the plant being highly carbohydrate, the external layer iz
consequently largely anhydride of this material. The layers added
internally to the initial wall must be of the same character. Further-
more for similar reasons, the external layer of the plasma, the semi-
permeable membrane, wounld also be high in carbohydrate. The en-
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closing and boundary layers of nuclei and of all special bodies in the
protoplasm would have a similar dual origin.

V. Highly proteinaceous plasmas would form external layers,
which in conformity with the above, would not be cellulose or so
high in carbohydrate. The chitinous skins of some animal organ-
isms offer an inviting subject for examination in this connection.

VI. In so far as these limiting layers offer resistance to the
passage of substances in solution equally in both directions, or as
they allow the free passage of water and resistance to substances in
solution, they form an osmotic machine by the action of which
pressures may be set up internal to the cell and to plasmatic or
nuclear masses. The implied phenomena designated as turgidity
are most marked in plant cells where distentive forces of 40 or 50
atmospheres are found. It is to be noted also that when the two
elements of a plasmatic colloid, the carbohydrate and the albumin,
are unequally hydrated, as is the case in nearly all solutions, the
superior increase of one element in the complex meshwork would set
up something akin to osmotic pressure.

VII. Hydration increases or swelling is the result of the com-
bination of molecules of water with colloidal aggregates of the mass.
The addition of any substance which forms combinations with the
colloidal carbohydrate or protein may give systems which attract,
combine with and hold proportions of water different from those
displayed when water only is present.

VIII. The hydration increase or swelling of an intermeshed
pentosan-protein colloid, such as we imagine protoplasm to be, in-
volves the possibility of the unequal increase of these two main com-
ponents under the influence of any substance or ion, and the measur-
able alterations in volume will be the resultant of the effects of such
a substance or ion upon the hydration of the unlike components.

IX. The pentosans are weak acids and in general their hydration
capacity is lessened by hydrogen ions. Hydroxyl ions and com-
pounds containing the amino-groups, such as may be in solutions
of phenyl-alanin, alanin, asparagin and glycocoll, may exert an effect
by which hydration capacity is increased above that in pure water.
Mucilages derived from various sources show some differences in
reactions to the solutions named while conforming to the generaliza-
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tions given. Their hydration is but little affected by the presence
of the common sugars in the water of suspension or dispersion.

X. The albumins and their derivatives are amphoteric, being
capable of dissociating both as acids or as bases. Hydration in the
presence of hydrogen ions may be much greater than in water and
may reach the possible maximum, while that in the presence of
hydroxyl ions and of various cations may also be in excess of that
in water. Gelatine as an example of this group shows such behavior
but has a restricted hydration capacity in aminc-acids such as gly-
cocoll. On the other hand, the swelling is proportional to the high
hydrogen ion concentration of such amino-acids as aspartic acid,
which is diabasic.

XI1. Variations in the hydration total or volume may be ascribed
to changes in the colloidal components of a plasma, to products of
the resident metabolism, to the action of substances absorbed during
hydration or to fluctuations in temperature.

XII. The changes in volume of a mass of colloidal material are
usually not iso-diametrical during hydration. Such alterations are
determined by the structure of the jelly which may be so differ-
entiated as to show expansion and contraction along one axis almost
wholly.

XIII. The analysis of the implied facts has also demonstrated
that growth is so essentially as to its nature, and so largely as to
volume, a matter of hydration that the compounds which facilitate
the swelling of phytocolloids and of cell-masses, facilitate or accel-
erate growth.!

1 MacDougal, D, T., ¥ Hydration and Growth," Publ. 207 Carnegie Inst.
of Wash., 1020, and * Hydration Effecte of Amino-compounds,” Proc. Soc.
for Exper. Biol. and Med., 17: 35-36. 1010.

Schreiner, 0., and Skinner, J. J., “ Experimental Study of the Effect of
Some Nitrogenous Soil Constituents on Growth. Nucleic Acid and Its De-
composition Products,” Plant World, 16: 45-60. 1013,

Schreiner, 0., and Skinner, J. J., ¥ Specific Action of Organic Compounds
in Modifying Plant Characteristics; Methyl Glycocoll versus Glycocoll,” Bat.
Gas., 50: 445-463. 1015

Skinner, I. J., and Beattie, J. H., “ Effect of Asparagin on Ahsorption and
Growth in Wheat," Bull. Torr. Bot. Club, 39 425-437. 1010,

Borovicow, G. A, “On the Action of Different Substances on the Veloe-
ity of Growth of Vegetables,” Publ of the Soc. Nat. of New Russia, 41:
15-104. 1016,
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Concrusions Fouxpep ox Newry OsraiNep Resurts.

The further development of our knowledge on this subject has
been attempted by experiments arranged to obtain evidence upon
four topics, viz: (1) the proportions of carbohydrate and albu-
minous matter in a colloid of the highest hydration capacity; (2)
the substances or ions of biological significance which would raize
the hydration capacity of these phytocolloids to the highest limit;
(3) measurement of the relative effects of some metallic bases upon
a carbohydrate colloid ; and (4) determination of the amplitude and
continuance of alternating or repeated effects of renewed or replaced
solutions.

1. By the use of the pentosan, agar, as representing the acid car-
bohydrate and of gelatine for the amphoteric albuminous component
trials were made to ascertain what proportions of these substances
would show hydration capacities of a range comparable to that of
living matter. A mixture containing one part carbohydrate and
three parts albuminous matter shows the highest general hydration
capacity under the influence of hydrogen, hydroxyl ions and the
ions which may be derived from amino-acids. Biocolloids high in
albuminous matter swell most under the action of the hydrogen ion.
Biocolloids containing 40 per cent. or more carbohydrates swell most
in amino-compounds. Balanced biocolloids swell most in the pres-
ence of hydroxyl ions. These reactions are parallel to those of
living and dried cell-masses of plants, and follow through the sea-
sonal variations determined by chemical analyses.

2. Biocolloids of which more than a fourth is carbohydrate are
highly sensitive to the action of hydrogen ions, which restrict
hydration.

3. The basic histidine and glycocoll which is slightly on the acid
side of neutral increase hydration in biocolloids containing more
than 40 per cent. carbohydrate. Maximum swellings of 4300 per
cent. by a mixture of 1 part agar and 3 parts gelatine in acid repre-
senting a high concentration for plant juices, and of 3930 per cent.
by a mixture of 2 parts agar and 3 of gelatine in histidine are of
great physiological interest. But little information concerning the
presence or action of the basic amino-compounds in plants is avail-
able.
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4. Glycocoll and glycocoll ester increase the swelling of agar.
Glycocoll lessons swelling of gelatine, while glycocoll ester, glycocoll
ester hydrochloride and glycocoll hydrochloride increase it beyond
that shown in distilled water.

5. The hydroxides of the strong metallic bases limit the hydra-
tion of agar according to their position in the electromotive series,
the least swelling taking place under the action of the strongest base
at concentrations of 0.01 N with the apparent exception of rubidium.
Beginning with the strongest the series runs K (Rb) Na Li.

6. The various effects of barium, calcium and strontium are not
so clearly determined and the quantitative relations of these metals
are not known definitely. Hydration values of agar at o.01 N were
Sr(OH),=815, Ca(OH),=2860, Ba(OH).=o9o0.

7. Hydration of agar in calcium hydroxide exceeds that in water
at 0.0001 N of the hydroxide and this effect is also produced at
0.00001 N. Increase of hydration beyond that of water by dilute
solutions of hydroxides of calcium, potassium, rubidium, potassium
sodium and lithium is an effect we have hitherto ascribed to amino-
compounds only. Excess values for aniline and ammonium hy-
droxide are given.

8. The incorporation of bases in agar lessens its hydration ca-
pacity in any concentration yet tested, and this is also true of biocol-
loids of which carbohydrates constitute more than half. In mix-
tures containing more gelatine hydration capacity in acids and in
hydroxides may be increased by included bases. The inclusion of
a metallic base and its presentation in a hydrating solution would
give different results in a colloidal or plasmatic body such as 2
nucleus or chromosome.

9. The data in this article were secured chiefly by the swelling
of trios of sections with a total volume of 4 to 8 cu. mm. under the
auxograph in dishes into which 25 to 30 cc. of solution was placed
and renewed at intervals of 12 and 24 hours. Such renewals were
attended by accelerations in the rate and increases in the total swell-
ing. Agar and biocolloids of agar and gelatine showed this action
in a marked manner. Sections of equal parts of these two com-
ponents exhibited reactions in which the exaggerated swelling re-
sulting from renewals were partly retracted very slowly on the third
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day. After this the exaggeration slowly decreased and the retrac-
tion increased until the two balanced about the eighth day. The two
movements continued for a total period of 67 days. It is suggested
that the exaggerated swelling following a renewal of the solutions
may be due to the formation of glycocoll agarate, the bulk of which
might be greater than that of the agar. Diffusion of this material
from the section would result in a retraction or shrinkage.

10. Plates of colloids cast on glass and prevented from shrink-
ing in area take on a heterotropic structure which varies in agar,
gelatine and in mixtures of the two. The swelling of an agar plate
is almost wholly in thickness so that the increase of a hydrated sec-
tion is denoted directly by the thickness reached. Gelatine plates
prepared in the same manner may increase as much as 60 per cent.
in length and width while swelling. Plates of mixtures of the two
swell from 6 to 16 per cent. in length and width, this amount being
modified by the character of the hydrating solution. These effects
which may play an important part in morphological procedure in the
cell, seem to indicate a meshwork structure of biocolloids as it does
not seem possible for emulsions to be differentiated in the manner
implied.

Hypration Tests oF Various Brocorroips,

In the effort to ascertain the character of the biocolloids which
might show hydration reactions of the range and variety of proto-
plasm, empirical mixtures of agar and gelatine were made up and
cast into plates which were dried and then swelled under the auxo-
graph. Eight colloidal preparations were hydrated in water, hydro-
chloric acid, potassium hydroxide and glycocoll at 15° C. Trios of
sections were swelled under the auxograph in the usual manner, the
increases being calculated in percentages of original thickness by the
left hand number of each couple. Strips of the same material so
to 8o mm. in length were placed in test tubes of similar solutions.
The resulting increases ranged from 2 to 12 per cent. in length and
width in the different colloids. These ratios were applied to the
increases in thickness to obtain the total volumes expressed in the
right-hand number of each pair in Table I.
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TABLE L

HYDRATION 0F AGAR, AGAR-ALBUMIN, AGAR-GELATINE AND GELATINE 1N TERMS
oF THICKNESS AND VoLUME.

HOL, cos V. | KOH, oo1 V. | Glycocall, e.or 3. Water,

™. vl | meowe |0 e e ™ | Vel

Agar 0.16 mm. at 15° C. CompiledData,

8og 1,000 i 600 ! 750 i 3.300 | 3.500 | 1,800 [ 2,000
Gelatine 0.25 mm. of 15° C.

T T T O e | 1570
Agar 1, Gelatine 3. 0.18 mm. 12-15° C.

2,500 | 4,300 | 2,500 I 3.600 | 2460 | 2975 | 1,445 | 1,660
j Agar & Gelaling 3, 0.10 mm 15" C.

1,580 i 1,808 l 2,380 h 3.375 | 3.050 | 3.000 | 1,980 | 2,255
A:ur 3, Gelatine 3, 0.25—28 mm. 14—16° C.

1,300 | 1.573 | 2.720 | 3.802 | 2,200 | 2,565 1 1,B60 | 2,250

Agar 3. Gelaline 2, 0.18 mm. ry—1® C.

900 l oby | 2,550 | 3.000 | 3.220 | 3416 H 3,000 | 3,245

The data in the above table afford information on three main
questions, viz., the probable constitution of living matter to be in-
ferred from high hydration capacity, the nature of the colloids which
show a sensitiveness in hydration to the action of the hydrogen ion,
the hydroxyl ion and to ions which may be derived from amino-
compounds, and lastly the differentiations in heterotropic swelling.

The highest swelling of the pentosan-protein mixtures is that of
agar 1 gelatine 3 in hundredth normal acid. Such colloids may be
present in the animal, but may be taken to be highly specialized or
unusual in the plant and not shown by the cell-masses of the vegeta-
tive tracts. Chief interest centers in the colloids in which the carbo-
hydrate and albuminous components each vary in forming 30 to 6o
per cent. of the total and showing high hydration capacities in the
hydroxides, in glycocoll and in water. These mixtures furnish an
analogue of living matter of proved similarity of composition and
action. Not only has it been possible to compound biocolloids which
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would furnish conditions parallel to those in the plant, but the in-
fuence of changing proportions of the pentosans to the other cell-
contents has been followed through the season by analyses in the
chemical laboratory and by swelling tests of living and dried sections
of the plants?

Next to the composition and to the condition of the components,
the matter of greatest importance is that of the ions or substances
which may determine the course and amount of hydration. Acids,
hydroxides and amino-compounds are to be included in a list of the
substances of physiological importance. The action of hydrogen
ions, of hydroxyl ions and of ions which may be derived from amino-~
compounds in the way of accelerating or retarding hydration may
be shown by expressing the swelling values produced in terms of
those obtained in water taken as 100 given in Table 1L

TABLE 1L

Hyozatox oF Cotroms 18 HYDROCHLORIC Acw, Porassivm HYmRoXin AXD
GrycocoLL AT 0.01 N WITH THAT IX WATER A5 100.

Hydrochloric Add, Potassium Hydroxide, | Glyeecoll.

e U0 e W YT | ™ | v
Ager.

| o | 33 | s Al 8y | 185
Gelaline.

204 i 200 l 171 ] 200 ] 63 i 54

Agar 1 Gelatine 3.

173 | 70 i 173 | 225 | 170 ‘ 156
Agar 2 Gelatine 3.

Ro l 67 1 130 i 150 I 154 |. 163
Agar 3 Gelatine 3.

70 | 70 l 146 | 170 i 112 l 114

Agar 3 Gelatine 2.

30 l 30 l 83 1 25 | 107 l 1oh

2 MacDougal, D. T., “ Hydration and Growth,” Publ. 2g7 Carnegie Inst.
of Wash., 1920, p. 132
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The effect of the hydrogen ions which are present in a concen-
tration of pH=3 in the acid solution is to induce a high swelling
in gelatine and to produce a lessened swelling as this component is
lessened and as the carbohydrate is increased. A finely parallel
series was obtained in tests of living sections of Opuntia from last
December to March in which the proportionate swelling in acid
varied from 80 per cent. in December to 77 in January, 7 in Febru-
ary, rising to 78 in March and falling to 64 in April, as compared
with water at 100, The course of the pentosans was not followed
at the same time, but in a previous year the variation in the pentosan
content of similar material was from 10 in late December to 4.7 in
mid-January, 6 in mid-February, and to 5.5 late in March, which
allowing for seasonal dlEﬁ’l‘CM’ES, gives a fair parallel.

The hydroxide is seen' to cause a swelling of both agar and of
gelatine less than in water, and to cause a swelling of gelatine some-
thing less than in acid. Its general effect is to lessen hydration as
the carbohydrate component of the biocolloid becomes greater, al-
though an aberrant high swelling is shown by mixtures of equal
parts of gelatine and agar.

Turning now to the plant material which shows the seasonal
variation of pentosans noted above the swelling of living material
varies from comparative values of 100 in December, 103 in January,
100 in February, and 110 in March, facts in no wise discordant with
the seasonal changes and probable accumulation of metallic salts in
the cells.

Glycocoll produces a maximum effect on agar and a minimum
on gelatine or the albuminous component of biocolloids. Its maxi-
mum accelerating effect seems to be upon mixtures containing 25 to
40 per cent. of the carbohydrate, although in all cases it causes agar
mixtures to hydrate to a point beyond that which might be reached
I water.

If we now seek to ascertain what type of biocolloid is capable of
the greatest average hydration or growth under the influence of
these substances and of the basic histidine, it will be found in a
mixture which is composed of 1 part carbohydrate and 3 parts al-
buminous material. Biocolloids containing more carbohydrate than
albuminous matter would be most sensitive to the presence of hy-
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drogen ions, and their growth would be markedly limited by acidity.
Such mixtures would also be modified something less by hydroxy!
jons. AH types of biocolloid would respond by increased hydration
to the presence of amino acids as shown by the relative swellings in
glycocoll and in histidine.

The results with the basic histidine and of its salt histidine dihy-
drochloride, which reacts as an acid, are as given in Table IIL.

TAELE IIL

SwELLI®GS 0F AcGAR, GELATINE AND MixTunes 1% PencEntaces oF OmiGINaL
THICEXESS AND VOLUME.

Hisidine, oot M, | Histidine Dihydrochloride, | Water.
oot A

=y TS| i R e e

Agar 0.15 mm. al 15" C.

2,500 1 | [ lel] | | 3.I00 I
Gelatineg 0.28 mm. al 14=16° C.

1,723 I 3.103 | 1600 l 4,300 | 1-400_,1 3150
Agor 2 Gelatine 3, 0.19 Wm. at r5° C.

_ a0 | asw | nass | oso | asto | s
Agar 3 Gelating 3, 0.25 mm. ol Ll

t o i 1,200 l 1,320 | 1860 | 2,250

Agar 3 Gelaline 2, 0.25 mm. of r4=r® C.

3472 l 3,755 1 Hoo | Byz t 3,000 | 3.245

Mixtures consisting of 40 to 60 per cent. of the two main com-
ponents are seen to give the highest swelling values in histidine yet
obtained by biocolloids by treatment with any reagent. Further-
more this amino-compound acts to increase the swelling of gelatine
and all mixtures containing it to a point beyond that which is pos-
sible in water. Its acid salt has the well-known effect on agar, gela-
tine and their mixtures. These features are illustrated by Table 475
in which the values are given in terms of water as 100.

In addition to the high hydration caused in the above mixtures
by histidine, attention has been previously called to a similar action
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by glycocoll on agar. No final explanation for this behavior has as
yet been obtained. Of great interest, however, are the results ob-
tained with a number of glycocoll compounds. Swelling tests were
made in the usual manner with the following compounds: (1) Gly-
cocoll which is approximately neutral in reaction and amphoterie in
behavior. (2) Glycocoll ethyl ester; in this compound the acid
radicle has been neutralized, is distinctly alkaline and acts as a weak

TABLE 1IV.
i1 Histidine. Histidine Dibydrochloride.
Th, | Vol. T, | Val,
Ager.
B L L AN | 30 |
Gelatine.
124 | 100 | 114 l 130

Agar 2 Gelatine 3.

176 I 176 : 73 1 80

Agar 3 Gelatine 3.

A 1| 65 | 60

Agar 3 Gelatine 2.

116 r 1§ (] ’ 27 f a7

base on the swelling of agar. However, in solutions of this sub-
stance agar does not attain the same swelling above that of water as
it does in the amphoteric glycocoll. On account of the relatively
rapid hydrolysis of glycocoll ester in water, fresh solutions were
frequently prepared for renewal in the swelling tests. (3) Glycocoll
ethyl ester hydrochloride in which both the basic and acid portions
of the glycocoll molecule have been neutralized. (4) Glycocoll hy-
drochloride which reacts as an acid in water solution and shows the
typical acid behavior in the swelling agar. The solutions were all
in 0,01 molar concentration. The absolute increases in terms of
thickness and volume are as below:
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TABLE V.
it Glycocall Est Glycocoll Ester Hy-
Water, l Glycocsll s.on M. \ i,n.m o er ] ¥ Lt a.-mj- Elrmnﬂm
Agar.
Sections 0.15 mnm. Thick at 15°C.
3.220 H 4,130 | 3.360 l 1,530 | 1,000
(Increases in width and length very slight.)
Gelatine.
Sections 0.23 mm. Thick at 15°C.
T | ¥t | T | wel | Th | Vel | Th | Wel. | = | we
phio 1.570 | 000 | Bz0 l 1,170 | 2.240 QIO | 1,180 | 1,280 | 2,880

The above data reduced to terms of swelling in water as 100
give values as in Table VI,

TABLE VI
SweLLING oF DRiED PLATES OF AGAR AND GELATINE,

Glyeocoll Ese Glyeocoll Hydso-
Water. ~ Gilycocall. t Glycocoll Ester, I Hydrochlocide. ehloride,

Agar.
100 | 128.30 | 104.35 I 47.50 1 31.o7
Gelatine.
o | wel | e | ven | Ta.__i_im._[ Th | Vol | Th | wa
_mu 100 | Ga 54 | 123 | 143 | 05 |; 75 | :34_' 180

Glycocoll and its ester are seen to increase the swelling of agar
and to lessen that of gelatine. The two salts exert the classical
effects of retarding the swelling of agar. The swelling of gelatine
in the glycocoll estes hydrochloride is slightly less than in water,
while the swelling of gelatine in the glycocoll ester hydrochloride is
higher as in an acid solution.

HyDRATION OF AGAR IN SoLuTioNs oF Variovs HyproXIDES.

The delicacy of reaction prevailing in the behavior of agar
towards hydrogen and hydroxyl ions as well as various cations is
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exemplified in the swellings in solutions of various bases and deriva-
tives of glycocoll. It became apparent in the earlier stages of our
work that the effects of the alkaline hydroxides were by no means
equivalent, and a series of preparations were run for the purpose of
securing comparisons of the action of potassium, rubidium, sodium,
lithium, barium, strontium and caleium. The values obtained are
given in Table VII.

TABLE VIL

SWELLIKG oF AGAR 1¥ StRoNG Avxavixe Hyproxioes.
Sections o.14 mm. Thick at 17° C.

aar N a.00n N,
BOH =i e s S eas 3430
120208 1 5 Bt R S S e e T 3,300
I R e I,,ﬁ.:].s 3.430
LiOH ,..,..,,..“...........,....“.;...],,Bm 3430
WRLEE  oivvvirisrsinninsnnssn=n-=5000 t0 3,070

When thesze absolute values are compared with that obtained in
water the data in Table VIII. are obtained.

TABLE VIIL

SWELLING oF Driep Acar PLaTeEs 0.14 MM. I¥ THICKNESS AT 17° C. 1§ SoLu-
Tions of Arxanse Hyoroxmmes wHicH were RExewen Every 12 Hours.
Total swelling of dried agar plates in water 3,035 per cent.

Normal Concen- | Wager, KOH. | RbOH. | NaOH. LIOH,
tration. : [

0.01 { 100 | 50.3 | 53.8 | 548 0.0

0001 | IO 113.0 115.3 113.0 113.0

It is to be seen that these alkaline hydroxides may be carried to
an attenuation where they may cause a swelling of agar greater than
in water, an effect hitherto found only with amino-compounds. The
stronger the base as indicated by its position in the electromotive
series, the more does it restrict hydration. All reverse that effect
and become accelerating agents at a greater dilution. Rubidium is
the exception in the table, and its aberrant position may be ascribed
to error until material is available for a repetition of the tests,

In the hydroxides of the alkaline earths the variations are not
so clearly defined. Unfortunately the quantitative relations of these
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metals are not definitely known, and further complications may arise
in the different solubility and behavior of the carbonates which nat-
urally are always formed in spite of frequent renewals of the solu-
tions. The series of tests which were made to secure information
on this matter yielded the following results:

TABLE IX.
SwELLING oF AcAR 1IN ArkanNe HyDROXIDES IN PERCENTAGES OF ORIGINAL
THICKXESS.
I ot N, | aeor N | ouooar A ] oocsny A

Sections 0.14 mm. Thick at 15° C.

Ba(OH): I [ | 1145 | 2,430 | 2,400
Sections 0.14 mm. Thick at 157 C.

Ca(0H)s i 860 I 1,220 I 3,200 | 3,200
Sections 0,16 mm. Thick at 15" C.

Sr(OH)s | Brs | 1,565 | 2,565 __| 3,665

The conversion of the data in Table IX. to terms of swelling in
water results in the following data:

TABLE X.
SweLLinG oF Drien Acar Prates at 15° C. 1§ SOLUTIONS OF ALgaLINE EarTH
Hyproxipes wiice were Rexewep Every 12 Houms.

Thicknese of dried plates in Ba(OH). and Ca(OH). series o014 mm,,
in Sr(OH), series 016 mm. Total swelling in water 3,035 per cent.

- I -
“"’“:,;'jﬁw_c““""’ | Water. | Ba(OHN. | Sr{OH)s. CalOH).
0.01 100 | 20.6 26,8 283"
00T 100 477 516 40.2
0,0001 100 Bo.3 84.8 106.0
00000 | 100 | 794 88.0 106.0

It is seen that even at the greater attenuations, barium and stron-
tium hydroxides limited hydration. As it appeared important to
test the favorable effect of calcium solutions of various concentra-
tions, a detailed series of tests was carried out. The actual in-
creases in percentages of original thickness are given in the upper
line of the table below and the values as compared with water as 100
in the line below.



¢

164 MacDOUGAL asp SPOEHR—COMPONENTS AND

TABLE XL

Swetinc of Demn Acak Prates at 15° C. 1w SolumioNs oF Ca(OH),
wHicH wike Rexewep Every 12 Houss.

Normal |
Concentration, | Water. | 0.3, 0L, ooz, | om0t. | owooca. | 001, | o.Lo0or,

| 3,000 | 565 B0 1,000 |I,220 |2,500 |[3,200 |3,200
3.070
100 18.6 28.5 33-0 40.2 Bz.4! 103.4| 105.4

The augmenting effect of calcium hydroxide which was found in
concentrations of 0.0001 is here seen not to be exhibited in a solution
containing twice this amount, and is not increased when a reduction
below this concentration is made.

The effects of ammonium hydroxide and aniline on the swelling
of agar are of direct interest in any discussion of the relative action
of the weaker and stronger bases.

Data for comparisons have been conveniently grouped in Table
XIL

TABLE XIL

SweLring of Deiep Acar PLATES AT 15° C. 1% Socuroxs oF Vamwous Hy-
pmoxines, Rexewen Every 12 Houes, 1¥ Teems oF WATER A5 100
Total swelling of dried agar plates in water 3950 per cent.

Mormal ey
Ammonium | Eshyl- Lithinm Sodinm Potnsi
m_ml.m. . Water, Aniline, Hydroxide. | amine. | Hydroxide, Hy-dm:id.e.! H}'&uhll:‘d-i
|
0.01 | 100 110 25 | 3t | 24 21 21
0.001 we | to0 | 115 25 40 { 35 9

The behavior of agar in the weak bases ammonium hydroxide,
ethylamine and aniline on the one hand and in lithium hydroxide,
sodium hydroxide and potassium hydroxide on the other, exhibits
some interesting differences, particularly in the more dilute solu-
tions? Owing to the fact that in solutions of ammonium hydroxide
and ethylamine there exist equilibria respectively between dissolved
NH, and the hydroxide, and between dissolved C.H;NH, and its
hydroxide, the condition in solutions of these substances particularly
in the more concentrated solutions offer a rather complicated situa-

& MacDougal, D. T., and Spoehr, H. A, * The Swelling of Agar in Solu-

tions of Amino Acids and Some Related Compounds,” Bot. Gaz., 69: 1020
(in press).
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tion not very dissimilar from that obtaining in solutions of the
amino acids. It will be recalled that aniline is a weaker base than
ammonium hydroxide while ethylamine and the hydroxides of lith-
ium, sodium and potassium are stronger.

EFFECT OF INcLUDED BAsSES oN SWELLING OF BiocoLLoIDs.

The hydration of plates or sections of dried colloids in solutions
involves questions of penetration and of the formation of com-
pounds in the external parts of the section which may modify the
hydration of the interior of the mass. The conclusion was reached
in work set forth in previous papers that acids, metallic salts and

TABLE XIIL

SweLLiNGs oF Daiep Secrioxs oF Brooipomns wWiTH Incronen Bases 1 PEr-
cENTAGES oF OmicivaL THICENESS.

HClo.0x N KOH o M | Eﬂ"ﬂl"&w% Glyeocell oot M. Water.

Agar 2, Gelatine 3, KOH o0.000,05 N
NaOH ooooo2s N
Ca(OH); 0.000,025 N

Sections 0.1 mm. Thick at 16-17% C.

2.1»&-3.1:0[ 2,950-3.570 1 1,700-2,050 | 2,750—3.030 ] 2,050-2,380

Agar 3, Gelatine 3, KOH coor N
NaOH oooor N
Ca(0OH), 00001 N
Histidine 0.001,4
Section 0.09 mm. Thick at 16-17" C.

Bgo-875 2,220—-2,680 | 1,700~1,.800 ] | 2,050—2,2060
Agar 3, Gelatine 2, KOH 0.000,05 N
WNaOH oooo02s N
Ca(OH); o.oo0,025 N
Sections 0.14-0.15 mm. Thick at 15" C. ‘

500521 l 2.330-2,820 1 1,570—1.730 | 2.850-3.200 I 2,300—2.780

amino-compounds incorporated in colloids exerted a greater effect,
generally a lessening action on swelling than the same amount of the
reagent applied in aqueous solution.

Furthermore it may be said in particular that in no case did an

FROC. AMER. PHIL. 50C., VOL. LVIII, K, JUNE 2, 1920
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inclusion in the carbohydrate, agar, increase its hydration in water,
and this holds true for such substances as asparagin, glycocoll, etc.,
which cause a hydration much in excess of that taking place in water
when applied in aqueous solution.

As a further contribution to this matter the hydroxides of cal-
cium, sodium and potassium were incorporated in biocolloids in
proportions in which no lessening effect would be exerted by solu-
tions which would bring the same amount of the bases into action on
the colloids. The results of this series of tests are given in Table
XII1.

The hydration values of the mixtures of agar 2 parts and gelatine
3 parts in water are not materially different from those of some col-
loidal mixture free from the bases. The presence of the bases in-
creases hydration in acid and in potassium hydroxide, but lessens it
in glycocoll, as may be seen by comparison with Table I. When the
proportion of agar is increased and that of gelatine decreased as in
a mixture of 3 parts agar and 2 of gelatine, the swelling in water is
lessened notably, and decreases occur in all solutions, a fact which
may be ascribed directly to the action of the carbohydrate compon-
ent. The bases included in these biocolloids were present in pro-
portions one fourth of that in which excess swelling was caused in
solutions of calcium and sodium, and one five hundredth in the case
of potassium, although the total amount of bases would be little
short of that present in any one of the solutions.

It is suggested that the reversal of the effect of included bases on
the swelling of biocolloids must be at a greater attenuation than
when in solution. Such restricting effect rises with the proportion
of carbohydrate present.

It is evident that the inclusion of a substance or ion in a colloidal
structure results in hydration relations of a different character from
those which appear when the substance in question is presented in
the hydrating solution. In the latter case it seems theoretically pos-
sible that differentiations of external layers of the hydrating masses
may take place which might result in swellings due in the last analy-
sis to something like osmosis.*

# MacDougal, D. T, * Hydration and Growth,” Publ. No. 297 Carnegie
Inst. of Wash., 1920, see pp. 32, 33, 44, 46, 47, 48 50, 58, 50, 70, 72, 75.
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The presence of any substance in the nucleus, chromosomes or
plasmatic bodies would give colloidal reactions materially different
from those to be expected when such substances are presented in
the cell sap or fluids according to the facts presented above.

Maximum Erfrects Probucep By RENEWING SoLuTIONS,

Closely related to the effects resulting by replacement of one so-
lution by another are those produced by renewing solutions. The
methods of auxographic measurement which have been used S0 eX-
tensively in these experiments entail the immersion of a trio of dried
sections of a total volume of about 4 to 8 cu. mm. in 25 to 30 cc. of
solution, the most common concentration of which was 0.01 N. The
procedure of drawing off this solution and replacing it with a fresh
solution at intervals of 12 or 24 hours has been followed since 1018,

It has been noted that at the first renewal made after the experi-
ment has been started an acceleration of the swelling would ensue
This speeding up has been attributed to two causes, First, as much
as 10 per cent. of the colloid may be drawn out into solution and the
presence of such a solution around the mass would operate to lessen
the rate of absorption of water by the more solid sections. Sec-
ondly, the ions of the substances in the hydrating solution pass into
the colloidal mass and enter into combination with the aggregates,
thereby lessening the concentration of the solution and consequently
its accelerating effect on hydration. The renewal of the solution
would remove the colloidal suspension about the sections and would
furnish a solution capable of exerting a hydrating effect equivalent
to the original, which would speed up the absorption of water ®

Usually these effects are shown during the first two or three
changes in swellings in which the total effect is practically finished in
ten days at 15° C.

Dried sections of agar and a number of mixtures of agar and
gelatine are seen to show a much more pronounced and long con-
tinued reaction of this kind. The characteristic effect has been pro-
duced so far only by attenuated solutions of hydroxides of wealk
metallic bases, by glycocoll and the basic glycocoll ester.

® MacDougal, D. T., and Spoehr, H. A, Bot. Gaz, 69: (in press). 1020,
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Some mention of this action of glycocoll has already been made
in a previous article, but the effects shown by agar-gelatine mixtures
in which the two principal components vary between 40 and 60 per
cent. were so marked that attention was again directed to their
measurement and to the formulation of some explanation.

The most pronounced effects were secured by hydrating sections
of equal parts gelatine and agar, 0.25 mm. in thickness at 14-16° C.,
which approximated a condition of saturation in ten days with an
increase of 2,640 per cent. in thickness and of 2,720 per cent. in
volume, the material being highly heterotropic.

The first renewal of the solution caused a sudden enlargement
which in 3 hours added 140 per cent. to the thickness of the sections.
The accelerated enlargement following the second change was about
120 per cent., the sections coming to rest on the first day in 4 hours
and in 3 hours on the second change. The accelerated swelling on
the third day amounted to 100 per cent., coming to rest in something
over 2 hours, after which a slow shrinkage occurred by which a third
of the previously gained amount was lost. The fourth acceleration
amounted to 120 per cent. with a subsequent loss of one third this
amount in the next twenty-four hours. The fifth reaction gave a
swelling of 100 per cent. followed by a loss of half this amount.
The sixth reaction gave an increase of 100 per cent. followed by a
loss of equal amount. The seventh reaction gave an increase of go
per cent., followed by a loss of 50 per cent. The eighth showed a
gain of 80 per cent. and a loss of equal amount ; the ninth a gain of
70 per cent. and a loss of equal amount; the tenth a gain of Go per
cent. and a loss of Go per cent.; the eleventh a pain of 8o per cent.
and a loss of 60 per cent. The twelfth change gave a gain of 60
per cent. and a loss of 50 per cent.; the thirteenth a balanced loss
and gain of 6o per cent., after which the change in both directions
became equivalent so that on the sixtieth day the alteration amounted
to 40 per cent. of the original thickness, which decreased to 20 per
cent. a week later when the observation was closed, 67 days from
the beginning. The whole series of reactions in range and intensity
might be said to offer a fair parallel to the life of some short-cycle
seed-plants, in which any substance or combination of substances
which might furnish the basis for the recurrent action might be re-
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newed by metabolism instead of being furnished as in the experi-
ments described.

Of the various suggestions which might be offered in explana-
tion of the reaction, the most plausible one seems to be one in which
it is assumed that the replacement of the glycocoll solution would
result in the formation of a theoretically possible glycocoll agarate,
the bulk of which might be greater than the total of its separate
components, and hence the combination would result in an immediate
further swelling. The slow diffusion of this substance out of the
sections would lessen or prevent the absorption or penetration of
the glycocoll solution from the outside so a shrinkage would result.
In the case of the hydroxides and mixtures containing gelatine the
combination most probably would be that in which a potassium gela-
tinate would be formed and its slow diffusion would be accompanied
by a shrinkage. In any case the changes in volume seem to have
escaped observation hitherto and to be of such range as to have
significance for the mechanism of the cell.

STRUCTURE AND HETEROTROPIC SWELLING OF Corrompar MIxTUres.

That dried sections of colloids do not show equivalent expansion
in all directions due to the development of structure in disiccation
has long been known and has been variously discussed in previous
articles, Extreme differentiation is shown by agar, plates of which
may be so dried that they increase but 2—4 per cent. in length and
width while swelling 3,000-4,000 per cent. in thickness. Gelatine on
the other hand may be cast in such form that it increases 10 to 60
per cent. in length and width while hydrating 1,000 to 3,000 per
cent, in thickness. Mixtures of agar and gelatine do not show
more than 10-16 per cent. increase in superficial measurements.
No accurate measurements have been made, but the data in Tables
L and II. suggest that the swelling in the axes in which the colloid
did not shrink when desiccating may be modied in a distinct manner
characteristic of the substances acting upon the colloid. Thus the
relative increase in volume is greater in a mixture of I part agar
and 3 of gelatine in hydroxide than it is in acid, and other differ-
entiations may be found by inspection of these tables.
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The superposed effects of alternated solutions may also be taken
to rest partly upon the complex structure of pentosan-protein com-
pounds. The replacement of one swelling reagent by another of
higher effect on agar does not have the effect of inducing a total
hydration of agar in excess of that which might be induced by the
second solution applied at the beginning. On the other hand the
replacement of a solution which might produce a maximum hydra-
tion by another which has a lesser effect does not usually result in
reducing the water content of the colloidal mass to the amount which
it would have taken up if swelled in this reagent from the beginning,

The mixture of agar and gelatine however results in a condition
or structure in the colloidal mass in which it is possible to produce
or secure superposed effects. So far the only available example of
this action was a case in which an agar-gel mixture was first hy-
drated to full capacity in histidine dihydrochloride, making an in-
crease of 920 per cent. ; the amino salt was now replaced with potas-
sium hydroxide, making a total swelling of 2,050-3.447 per cent. as
compared with 2,556-3,000 per cent. which takes place in the
hydroxide alone.

If the mass be supposed to be made up of alternating strands or
globules of the carbohydrate and albuminous elements, it is clear
that the action of the salt to which the sections were first exposed
would result in a much greater hydration of the gelatine than of the
agar. Replacement with the hydroxide would not result in the re-
duction of the salt induced swelling but would increase it at the same
time facilitating hydration of the agar.

& MacDougal, D. T., ® Hydration and Growth,” Publ. No. 207 Carnegie
Inst. of Wash., 1020, see pp. 17-20.



THE PHOSPHORESCENCE OF RENILLA,
Br G. H. PARKER,
(Read April 24, 1p20.)

The phosphorescence of the sea-pansy Renmilla has been known
for a long time. As early as 1850 Louis Agassiz observed that
Renilla reniformis, the common species of our southern waters,
* shines at night with a golden green light of a most wonderful soft-
ness.” This is also true of Renilla amethysting of southern Cali-
fornia. If a fresh specimen of this species that has been exposed
to daylight is carried into a dark-room and stimulated by being
gently prodded, no phosphorescence is observable, but if the same
experiment is tried at night, the colony glows with a wonflerfuﬂy
clear blue-green light.

If during daylight non-phosphorescent Renillas are transferred
to a dark-room and kept there, they begin to show phosphorescence
on stimulation in-about half an hour and attain what seems to be
their maximum under these circumstances in about an hour. The
phosphorescence thus developed seems never to reach the degree of
brightness seen during the night. This probably depends upon a
natural daily rhythm in the animal’s metabolism. Phosphorescence
induced during the daytime by placing a colony for an hour or so in
the dark is completely lost on exposure to daylight for about five
minutes. If during the night a colony that showed a naturally
acquired bright phosphorescence is illuminated by strong light, the
ability to produce light steadily decreases, but is never entirely lost,
showing that either artificial light is not so effective in this respect
as daylight or that during the night Renilla is more efficient in pro-
ducing the substances necessary for the production of light than
during the day.

Renilla is phosphorescent only on stimulation. If in the night a
spot on its upper surface is stimulated mechanically or electrically,
luminous ripples emanated from this spot and spread out concen-
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trically over its surface like waves on the smooth face of a pond into
which a pebble has been thrown. If a fine needle point is used as
a stimulus, a single point of light can be excited and this point will
glow some seconds but without becoming a center from which
luminous waves spread.

When a glowing Renilla is examined under a hand lens, the parts
from which the light emanates are seen to be small masses of light-
colored material that stud the upper surface of the animal and that
surround the bases of the zooids. Apparently light emanates from
no other source. No phosphorescence has ever been excited from
the peduncle by which the animal anchors itself in the sand, nor
from the under surface of the disc. The phosphorescence is strictly
limited to the upper surface and apparently to the light-colored
material of that surface. If a bit of this material is cut from the
disc at night-time and carried into a dark room and crushed between
glass, a momentary sparkling can be seen. If this experiment is
tried with a bit of the purple flesh of the upper surface, no such
sparkling is produced. Hence it is clear that the source of the
phosphorescence is the light-colored material of the upper surface
of the disc.

This light-colored material on close inspection is seen to be com-
posed of two substances: a whitish chalky substance and a light-
yellowish crystalline one. These two substances are so intimately
associated that it is impossible to separate them satisfactorily or in
most places to determine by direct inspection which is responsible
for the light. Only on the edge of the disc is it possible to make
decisive observations, Here the two substances form a well-marked
double fringe, the outer one being composed exclusively of the white
material, the inner one of the yellowish. “‘When phosphorescence is
excited on the adge of the disc, it can be seen that the light is resi-
dent in the white fringe and not in the yellow and hence the former
material must be regarded as the true source of the phosphorescence.
When this material in a luminous state is inspected under a hand
lens it is indescribably beautiful; the light it gives out is of an in-
tense blue-green color with all the play that one sees in a brightly
illuminated opal.

The mechanical or electrical stimulation of Renmille at night re-
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sults in what seems to be a series of luminous waves that emanate
concentrically from the region of stimulation. When one of these
wave fronts is closely scrutinized, it is found to be not a continuous
line but a series of luminous points which represent the small masses
of white material already alluded to and which for the moment lie
in what would be a continuous wave front. Thus the appearance
of a luminous wave is due to the momentary glowing of one concen-
tric line of points after another as the impulse that induces the phos-
phorescence spreads from the center of stimulation outward.

When the disc of Renilla is cut into and the animal is subse-
quently excited to phosphoresce, the luminous waves pass round the
incisions without interruption so long as organic continuity is pres-
ent. If the disc is cut nearly in two transversely, the waves of
phosphorescence can be started in either piece and will pass thence
over the connecting bridge to the other place. If the disc is cut into
a scroll that can be unfolded into an elongated form, stimulation
at one end will start a luminous wave that will pass to the other.

1f a Renilla is split longitudinally through its chief axis, the two
halves remaining attached only through the distal part of the pe-
duncle, the stimulation of one half calls forth a flash of light in that
half which, after it has subsided, is followed by another flash in the
other half. The second flash follows the first at such an appreciable
interval of time that the preparation seems to wink first with one
eve and then with the other. Here the interval between flashes is’
due to the transmission of the wave of excitation through the non-
luminous peduncle, for if the peduncle is completely split no such
transmission occurs even if the two halves are closely applied to
each other. This observation shows that the luminous waves are
under the control of some form of transmission, non-luminous in
character, that spreads in wave-like fashion and for which the phos-
phorescent waves may be said to be luminous replicas. It also
makes clear that the peduncle can transmit the impulses that excite
luminosity in other parts. Not only can be peduncle transmit these
impulses, but it can also originate them, for if the tip of the pe-
duncle of Renilla is pinched, after a moment the disc flashes in
waves of phosphorescence.

As might be inferred, any portion of the disc carrying the white
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material already alluded to can on stimulation be made to glow.
Thus right or left halves, quadrants, centers, margins or even minute
fragment will on appropriate treatment give out light.

The impulses that induce phosphorescence are profoundly in-
fluenced by such anesthetics as magnesium sulphate. If a prepara-
tion is made by cutting a disc of Renilla almost in two by a trans-
verse incision and, after determining that the connecting bridge will
transmit luminous waves, this bridge is covered with crystals of
magnesium sulphate, the waves of light in ten minutes or so will be
blocked at the bridge and light will be produced in only that part
of the disc which is directly stimulated. After half an hour or so
in pure seawater the bridge will again transmit the luminous waves.

If a V-shaped preparation is made from a Renilla by splitting it
through its long axis except at the distal end of the peduncle, it will
be found, as already stated, to transmit impulses for light produc-
tion from one half to the other through the partly split peduncle.
If the unsplit portion of the peduncle is now covered with crystals
of magnesium sulphate, in five to ten minutes no impulses to illumi-
nation will pass through it, for when one half is excited to glow the
other does not follow by producing a flash. Recovery from this
condition occurs after the preparation has been for half an hour or
s0 in pure seawater.

The rate at which the luminous waves traverse the disc of
Renilla is a relatively slow one. To determine it, strips of tissues
were cut from the edge of the disc and pinned out in seawater.
They measured five to eight millimeters in width and about ten
centimeters in length. After night had come on these strips could
be stimulated by touching one end gently with a metal rod where-
upon a single wave of light would pass rapidly over the length of
the strip. This could be timed by a stop-watch. Five such prepara-
tions were tested with the result that the average rate of transmis-
sion was found to be 7.39 centimeters per second. This rate agrees
almost exactly with that for the withdrawal of the zooids in Renilla,
namely 7.83 centimeters per second and indicates that both these
processes are controlled by a single mechanism. As these rates are
close to that of the nerve-net of the sea-anemone Metridium, namely,
12 to 14 centimeters per second, the common mechanism upon which
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they depend is probably nervous. Certainly these rates are in
strong contrast with the rates of transmission of certain peristaltic
movements that are known to pass over the peduncle and the disc of
Renilla. These travel 0.15 centimeters to 0.12 centimeters per sec-
ond, one fiftieth to one sixtieth as fast as the other waves do, and
are very probably muscular in origin. Hence, the conclusions that
the withdrawal of zooids and the phosphorescence of Renilla are
controlled by a single form of transmission and that this transmis-
sion is neurogenic rather than myogenic in origin.

If the transmission by which the phosphorescent waves of Renilla
are produced is nervous in character, it ought to vary with the tem-
perature and such seems to be the case. Thus in one set of trials
the rate per second was found to be at 11° C. 4.0 centimeters, at 21°
C. 7.7 centimeters and at 31° C. 20.7 centimeters. In another set
it was at 15° C. 6.5 centimeters per second, at 20° C. 8.3 centimeters
and at 257 C. 12.2 centimeters. As is shown in the second set, an
increase of 10 degrees in temperature is accompanied by an approxi-
mate doubling of the rate, 6.5 to 12.2 centimeters per second. Much
the same is true of the first set except for its highest member. I in
this set the rate per second at 21° is taken to be 7.7 centimeters, at
11% it ought to be half that or 3.85 centimeters which is very close
to the oserved rate of 4.0 centimeters per second. On the same
basis at 31° a rate of twice 7.7 centimeters or 15.4 centimeters per
second should be looked for but the rate actually observed was some-
what higher than this, namely 20.7 centimeters per second. Not-
withstanding this divergence, which is associated with a rather ex-
treme temperature, it may be stated that over the greater part.of the
temperature range for every interval of 10 degrees the higher rate is
approximately twice the lower one. Although the usual interpreta-
tion of this condition has been more or less questioned recently, it is
generally assumed, in accordance with the van’t Hoff law, that such
relations in rates are indicative of chemical rather than of physical
processes, an assumption that would aline the kind of transmission
that occurs in the phosphorescent wave of Renilla with the burning
of a trail of gunpowder rather than with some form of transmission
of a purely physical type.



THE EINSTEIN THEORY.

By E. P. ADAMS,
(Read April 24, 1920.)

When your Programme Committee, through the President, asked
me to read a paper on the subject of Relativity and the Gravitation
Theory at the General Meeting of the Society, I assumed that it
was in the thought that one who had occupied himself mainly with
the study of concrete physical phenomena might be able to contribute
something towards a definite physical conception of the new theory.

I shall not take more time to go into the question as to how the
theory of relativity was developed than merely to say that a number
of physical phenomena are known which appear to be in contradic-
tion to the system of mechanics founded on Newton's laws of mo-
tion. Now Newton’s laws are based upon the fundamental concepts
of space, time and matter. The space of Newton is the space of
Euclid—the space of our ordinary experience. The time of Newton
is the time that we ordinarily think of—a conception wholly inde-
pendent of our space conception. And matter for Newton is the
matter that is perceived by our senses.

Equally fundamental in Newton’s mechanics to the three con-
cepts of space, time and matter is that of force—the cause of every
change in motion. That the idea of force is as fundamental a
notion to us as that of matter there is little doubt; they are both
revealed to us by our senses; our muscular sense gives us very
directly a realization of force. When, however, a system of me-
chanics is built up with force as one of the four fundamental
concepts a certain indeterminateness arises. I need mention only
the controversy that still goes on as to the exact interpretation of
centrifugal force, and other forces that we have to consider that
are certainly not the cause but the result of motion. And when
we extend our system of mechanics so as to cover all physical phe-
nomena forces of other kinds must be postulated—electric, magnetic,

176



ADAMS—THE EINSTEIN THEORY, 177

molecular, chemical forces—forces of which we have no direct sense,
but which nevertheless must be regarded as having a real existence.

In an attempt to clear away the indeterminateness involved in
the conception of force as fundamental, and the complexity in-
herent in a multiplicity of forces, Hertz developed a system of me-
chanics in which the idea of force as one of the fundamental con-
cepts was banished. In this system of mechanics all forces are
the result of constraints arising from concealed or cyclic motions.
If we should experiment with a rapidly spinning wheel enclosed in
a box, not knowing what there was in the box, we should come to
the conclusion that the box was in a field of force quite different
from a simple gravitational field; or in other words the potential
energy of the box would appear to be different from its potential
energy with the wheel at rest. But knowing of the wheel in rota-
tion, what would appear as potential energy arising from an external
field would really be kinetic energy of cyclic motion. So Hertz
attempted to interpret every force acting on a system as arising from
cyclic motions, with a single law governing the motion of the sys-
tem—the law of the straightest path. There is a close relation
between Hertz's system of mechanics and Einstein's theory of gravi-
tation to which we shall return later.

Let us now go back to the Newtonian view and regard force
as a fundamental concept. The force that we are most familiar
with is the force of gravity. Newton showed that not only the
motion of bodies falling to the earth, but the motion of the planets
about the sun could be accounted for by assuming that every particle
of matter in the universe attracts every other particle with a force
proportional to the product of the masses and inversely proportional
to the square of the distance between them. This was, of course,
no explanation of the force of gravity, and the idea that matter
could act upon matter at a distance was distasteful to Newton him-
self, as it has been almost universally ever since. However, up to
about the middle of the nineteenth century it was considered a suffi-
cient goal to attain in a variety of physical phenomena to account for
them by means of forces acting at a distance between elements of
the system. Particularly in the fields of electricity and magnetism
this goal seemed near attainment. There was, however, a very
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real difficulty. In the attempt to account, on this principle, for the
forces between circuits carrying electric currents, not one, but an
infinite number of laws of force between the elements of the circuits
was found to answer. Experiment could not decide which was the
law of force because experiments could be made only with complete
circuits. An end was soon put to the controversy which raged over
this question by the publication of Maxwell’s Theory of Electricity
and Magnetism. In this theory action at a distance played no part.
All the forces between electrically charged bodies, between magnet-
ized bodies, the mutual forces between electric circuits and between
magnets and electric circuits were ascribed to a system of pressures
and tensions in a universal medium which pervaded all bodies and
extended throughout all space. And this medium was the same as
that which had been previously postulated as the vehicle for the
waves of light. The goal in the dynamical explanation of physical
phenomena now changed to the attempt to account for them by
direct action through a medium instead of by action at a distance.
For electric and magnetic effects the idea of action at a distance
became unnecessary, but for the commonest force of all—gravita-
tion—it could not be dispensed with. Although the elementary law
of gravitational attraction is remarkably similar to the elementary
laws of electric and magnetic attractions and repulsions, there are
sufficient differences between them to place the force of gravity in
a different category from the other natural forces. Gravitational
force is always attractive; electric and magnetic forces may be
attractive or repulsive; gravitational force appears to be wholly
independent of the medium through which it acts: electric and
magnetic forces are enormously influenced by the medium. These
differences led Maxwell to predict that attempts to account for
gravitational force by a system of pressures and tensions in a
medium, analogous to those used to account for electric and mag-
netic forces, would be doomed to failure.

An answer to this riddle of gravitation has been given by Ein-
stein, and this answer has come through the general theory of
relativity. The principle of relativity has arisen through repeated
failures to detect any influence upon optical phenomena by experi-
ments performed on the earth due to the motion of the earth about
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the sun. In the same way, the two principles of physics that have
kept their validity—the law of the conservation of energy and the
second law of thermodynamics—grew out of the failure to find any
violations of them. As is the case with these two laws, the prin-
ciple of relativity may be stated in a number of alternative ways.
From the gravitational point of view Jeans has stated this principle
“A planet cannot describe a perfect ellipse about the sun as focus,”
and this statement expresses very distinctly the failure of the
Newtonian mechanics to account for all known physical phenomena.

Now instead of trying to modify Newton's laws of motion,
Einstein goes back of them and uses views of space and time which
are different from those upon which the Newtonian mechanics is
founded. For the purpose of describing natural phenomena the
Euclidean space has almost universally been considered sufficient.
Whether or not Euclidean space represents anything which has
a real existence has been a doubtful question among mathematicians
from the earliest times. Other systems of geometry have been
developed, following closely the plan of Euclid, keeping some of his
axioms and rejecting others, and the consequences examined.
Riemann, however, in his essay on the * Hypotheses which are the
Foundation of Geometry ” introduced a new system of geometry, and
the development of Riemann’s geometry supplied the altered concep-
tion of space and time necessary for the Einstein theory.

The Riemann geometry bears a relation to Euclidean geometry
somewhat analogous to the relation of direct action to action at a
distance in physics. According to Riemann, space is a three-dimen-
sional continuum, by which is meant that a point in space may be
represented continuously by three independent quantities, the co-
ordinates of the point. Riemann considered the more general prob-
lem of a continuum in which » independent cobrdinates are required
to specify a point, thus developing an n-dimensional geometry. In
order to define the metrical properties of space Riemann assumed
that the square of the distance between two infinitely near points
is a quadratic differential form of the relative codordinates of the
points, with coefficients not constant, but functions of the codrdi-
nates. In Euclidean space it is always possible to choose codrdi-
nates—the usual rectangular codrdinates—such that the square of
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the distance between any two points shall be expressed as the sum
of the squares of the relative coordinates of the two points. In the
generalized space of Riemann this cannot be done. An analogy will
make this distinction clear. A plane in three-dimensional space
may be regarded as Euclidean space of two dimensions, for by
choosing any rectangular coordinates in it it is possible to express
the square of the distance between two points as the sum of the
squares of the relative codrdinates of the points. A curved surface
in three dimensions, however, is non-Euclidean space of two dimen-
sions, for the distance between two points on the surface measured
along the surface cannot be expressed in the same way as on a plane.
The geometry of curved surfaces in three-dimensional space was
developed by Gauss, and Riemann's geometry is an extension of the
Gaussian methods to surfaces of a greater number of dimensions.
In this way the conception of curvature of space arose, as a per-
fectly logical development of the easily conceived curvature of a
surface. Space of zero curvature is Euclidean space; if the curva-
ture is different from zero, whether constant or varying from point
to point, space is non-Euclidean. Measurements on a two-dimen-
sional surface will tell whether the surface is plane or curved—that
is, whether it is Euclidean space or not. For by measuring the
circumference of a circle drawn on the surface with a known
radius, if the circumference is 2= times the radius, the surface is
plane. If the surface is curved the result will in general be dif-
ferent. So it might be thought that measurements in our actual
three-dimensional space would tell whether our space is Euclidean
or not. In fact, Gauss did attempt to test this question by carefully
measuring the angles between three distant points, but needless to
say he found no departure from Euclidean space.

We must now consider the question of time. Until Lorentz in-
troduced what he called the “local time ™ in his theory of electrical
and optical phenomena in moving bodies, and thus laid the founda-
tion for the theory of relativity, time and space were regarded as
wholly independent concepts, at least for the purpose of describing
physical phenomena. Our knowledge of the physical universe we
obtain by experience, and it is certainly true that no one ever de-
termined a position in space except at a definite time, nor noted a
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time except at a definite position in space. = It was Minkowski who
first clearly stated that to define an event four generalized co-
ordinates are needed—three to define its place in space and one to
define its time. The universe thus becomes, in Riemann’s sense,
a four-dimensional continuum.

The expression for the square of the line element in this gen-
eralized space is a quadratic differential form with ten terms. The
coefficients in this expression determine the departure of this gen-
eralized space from Euclidean space. In order to satisfy the con-
dition for the complete relativity of physical phenomena it is neces-
sary that this line element shall have the same value in whatever
system of codrdinates it is measured. Now in Einstein's theory
these coefficients have more than a purely geometrical significance.
They have a dynamical meaning in that they determine the gravita-
tional field. Or to put it in another way, the curvature of space
is determined by the presence of matter. At a great distance from
all matter this four-dimensional space is Euclidean. The presence
of matter gives to space its curvature. We can now see how, for
gravitational forces, the goal of the Hertzian mechanics is attained,
although in a wholly different way from that contemplated by Hertz.
Gravitational forces, according to Einstein, do not exist. Hertz's
law of the straightest path has universal validity in this system,
but the straightest path may appear to be a curved path because
it must be drawn in space which is curved. In the two-dimensional
analogue the straightest path between two points on a curved sur-
face is not the straight line connecting the two points, for that
line would take us out of our space. The straightest path is the
geodesic drawn on the surface between the two points. And so
light rays passing close to the sun are not attracted by the sun, but
the space through which they pass being curved under the influence
of the mass of the sun, the rays follow a curved path in reaching
the earth.

Now any theory of this kind to be at all complete cannot stop
with explaining away gravitational forces. Electric and magnetic
forces, which we have seen differ in their nature from gravitational
forces, must also be considered. I can only mention a remarkable
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extension by Weyl of the Einstein theory, which is really a logical
extension of the Riemann geometry. In Riemann’s geometry the
scale of measurement is fixed; a line element at one place can be
compared directly with a line element at a distance. But in a system
of geometry to remain true to the idea of direct action as opposed
to action at a distance this assumption appears unwarranted. And
so Weyl assumes that the scale of measurement varies from point to
point in the four-dimensional universe. This hypothesis results in
another differential form which characterizes the metrical proper-
ties of space—this time a linear differential form—and Weyl shows
how the electric and magnetic state of space can be interpreted in
terms of the coefficients which enter into this expression.

All that I have attempted to do in the foregoing is to show what
kind of a theory the Einstein theory is; how radically it differs in
principle from what we are accustomed to ask for in a physical
theory. This theory opens up to the study of natural phenomena a
new universe, a universe in which geometry and physics cannot be
regarded as independent sciences. This universe is a four-dimen-
sional metrical manifold; physical phenomena are determined by
the metrical properties of this universe. There is no reason that
I can see why this generalized space of the Einstein theory should
not be named * the ether.” But giving it a name does not help in
understanding its properties, and it is a wholly different ether from
that to which we have grown accustomed.

It is interesting to note that the possibility of space having a
dynamical property was suggested by Riemann, although it was
left for Einstein to develop the consequences of such a conception.
In fact, Riemann went farther, and suggested the possibility of
space being a discrete manifold instead of a continuum, and this
suggestion is of particular interest at the present time in view of
the growing importance of the quantum theory which is founded
on the idea of discreteness somewhere as opposed to continuity.

The difficulties in understanding the Einstein theory are not so
much mathematical difficulties; they arise from the vain attempt to
picture to our minds the kind of space required by the theory. We
instinctively try to form a model of some mechanism which will
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give us a representation of natural phenomena; but according to
Einstein the materials we have hitherto used to form such models—
our conceptions of space, time and matter—are inadequate. If his
theory is to stand we must make a new universe in our minds, a
universe in which space and time have an existence only when con--
sidered in their relation to matter.



SLAV AND CELT.

Bx J. DYNELEY PRINCE.
(Read April 22, 1920.)

It has been long recognized that language is not a final test
of race; that is, of race in the anthropological sense. It must be
remembered, however, that in current usage the word “race™ 1
not employed to indicate the primitive long-heads, short-heads and
round-heads of strict anthropology, about which many modern
educated people know and care next to nothing, but rather to denote
what should be properly defined as “tribal groups,” which subse-
quently developed into “nationalities,” and then into political
“ nations,” Such primitive tribal “races” were originally nothing
more than groups of families fortuitously speaking the same lan-
guage or kindred dialects, who were forced together for purposes
of mutual protection, or for the purpose of conguest over weaker
and richer peoples. Such a tribal nucleus was the beginning of
every modern nation-group. It is, therefore, quite obvious that a
“pure” race, that is, a race originating from and maintaining a
single strain can not be in existence at the present time. In order
to determine national trend development, the student of group char-
acteristics must, therefore, refer to environment and the common
interests bred by common speech, rather than to skull-shape or
other bodily peculiarities which often vary in individuals of one
and the same family.

Mutual comprehensibility and the possession of a common
hereditary trend are the two most important features of such in-
fluential environment. The peoples now termed *Slavs” and
*Celts " must consequently be classified each within their own group
from the point of view of their respective speech-groups (= influ-
ence-groups), and may be studied still more closely by a comparison
of the traditions which have given rise to their mental and spiritual
characteristics. -
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It is the thesis of this paper to set forth how Slavs and Celts,
although speaking widely varying branches of the Indo-European
linguistic family, are nonetheless strikingly similar to each other
in habits of mind and expression.

The Slav, in spite of his prominence in the great war, is even yet
but little understood by the West. In fact, the majority of Amer-
icans do not even know who these people are, nor whence they
come. The Slavonic family is essentially a linguistic division, In-
deed, the very word “Slav” probably means ‘he who can speak
intelligibly * from the same root as slovo ‘word,’ in distinction from
non-Slavs, who are known as sjemcy ‘ dumb ones,’ i.e., unintelligible
speakers, a term originally applied by Slavs to all foreigners, but
now exclusively to the Germans. The derivation of “Slav™ from
slava ‘glory’ is unimportant, as sleve itself is probably but a
variant of the slov-slov-root meaning ‘speak, proclaim.’” The
Slavonic tribes are much more numerous to-day than their con-
geners the modern Celts.

There are six linguistic divisions of Slavonic speaking nationali-
ties, viz., Russians, who are subdivided into Great Russians, White
Russians and Ukrainians (Little Russians); Poles (with Kashu-
bians) ; Sloviks, who extend across the entire northern border of
what was Hungary, from the Ukrainian language-line on the east
to the Bohemian border on the west; Bohemians (Czechs) embrac-
ing also the Moravian population to the south of them, both tribes
speaking a distinctly western Slavonic idiom; Serbs and Croats on
the south, who differ only in that they write their common speech,
the Serbs in the Cyrillic (Russian) and the Croats in the Latin
alphabet ; and finally the Bulgarians who speak a simplified form of
Slavonic and whose dialects extend, not only through political
Bulgaria, but also through a large part of Macedonia. To the
Serbo-Croats must be added the Montenegrins and also the Slovenes,
inhabiting the district just behind Trieste, and, strangely enough, the
little linguistic island of Wends in Saxony and Prussia, who,
although separated by centuries of isolation from their southern
Slavonic cousins, still use a distinctly Serbo-Slavonic form of
speech (Sorbian).

These then are the Slavs, and it will at once be observed that
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the distinction between them and also their common bond is one
of language and not of race. It may be predicated that language
really carries with it a well-marked aura of influence which perme-
ates a people to the very marrow. While language is in one sense
merely a vehicle of expression, it also aids thought and directs
trends of mind. It would be difficult otherwise to explain the
striking similarity of these various Slavonic nationalities to one
another, because they come racially from many stocks.

For example, the Bulgarians are really Huns, whose parent
tribe in the latter days of the Byzantine empire, swept across
southern Russia like a storm and either drove out or dominated the
Serbo-Slavs of the Balkan peninsula. The invaders soon lost their
original speech and adopted a modified and corrupted form of the
local Slavonic idiom which has since developed into the modern
Bulgarian language. The Bulgarian is the enfant terrible among
these nations, selfishly bound up in his own tribe and hating bitterly
his neighbors, the Serbs and Croats. The Bulgarian is to this day
in his trends and habit of thought, in short, in all but his speech,
more of a Hun than a Slav. The Serbs and Croats are also of
fairly mixed race, although they are chiefly descended from original
Slavonic speaking tribes which came from the north into the Balkans
in the sixth Christian century. This clan has always been a strong
warrior nation distinguished by its love of reasonable freedom.
The Bohemians and Moravians have a very strong Germanic ad-
mixture of blood, for which reason they are politically the most
stable-minded of the entire family. The Hungarian Sloviks cannot
boast of a pure Slavonic speaking origin, as they became mixed in
early times with Tatar® (Turkic) tribes and more recently with
their Finno-Ugric Magyar neighbors and former overlords, a
double admixture which has given to the Slovik the low forehead
and broad features suggestive of non-Indo-European origin. These
Sloviks are essentially a laboring class, highly industrious, but
rather addicted to drink.

The Poles assert that they are the only pure Slavonic stock,
but even among them appears the blond Scandinavian and North

1Cf. J. D. Prince, * Tartar Material in Old Russian,” Proc. Amer.
Philos. Soc., 1919, pp. 74-88.
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German type left by the ravages of the Thirty Years War. The
Poles possess the most extremely individualized character of all the
Slavs. In other words, among them tribal feeling has developed
into a real national patriotism which was at first not evident in
their history. 'Welded together into a great European power by the
early Jagiello princess of Lithuanian origin, the Poles, as soon as
the Jagiello line died out, began unwittingly to plot their own ruin
by insisting in their parliament on the principle of the unanimous
vote for all measures (liberum wveto), so that a single member might
veto a bill, or even demand an immediate adjournment, which the
rest of the Diet was powerless to prevent. During the past cen-
tury, however, during which this gallant and individualistic nation
passed through an ordeal of fire at the hands of Germans, Russians
and Austrians, a much deeper spirit of inherent solidarity has shown
itself among them, and this, it is to be hoped, may weld Poland once
more by internal force into as strong a European influence as she
became under the external pressure of the Lithuanian Jagiellos.
Strange to say, until recent times, the Poles, unlike their congeners,
have never felt the pressing need of a spiritually united Slavia.
Naturally hating the Russians, despising the more prosaic Czechs
and Sloviks, and ignoring the Serbs and Croatians, the Pole has
remained, and is unfortunately inclined to remain, splendidly aloof
from his Slavonic brethren. In spite of this wilful isolation, Polish
characteristics do not differ fundamentally from those of the other
Slavs. Finally in this connection, the Serbs and Croatians con-
stitute a strong race, of mixed stock, it is true, but of genuine
Slavonic spirit. Touched by Turkish on the east and south and by
Magyar on the north and west, this people through centuries of
darkness and oppression by Turks, Magyars and Austrian Ger-
mans have retained the spirit seen in all Slavia.

The only Celtic tongued peoples extant to-day are the Gaelic
speaking Irish, Manks and Highland Scotch and their distant lin-
guistic cousins of Armorican speech, the Welsh and the Bretons
of France. The allied Armorican Cornish disappeared as a living
language about 17892 These tribes are mutually incomprehensible
when using Celtic, for the Gaelic dialects of Ireland and Scotland

*H. Jenner, “ Handbook of the Cornish Language,” London, 1004, P. 2I.
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and the scanty remnant of Gaelic in Man,? although mutually simi-
lar to the philologist, are, when spoken, far apart from one another
phonetically, while the Armorican idioms, Welsh and Breton, are
not only almost incomprehensible to each other, but are divided by a
great phonetic and morphological gulf from the Gaelic branch. So
here we have people to whom the rule of similarity of language
just expounded for the Slav would seem not to apply, and yet these
tribes are all strikingly alike in thought and trend of mind, and it
is especially noticeable that among the Celts who have lost their
original tongues, such as the central French and mid-European
Germans, this spirit has practically disappeared. The rule for Slavs
and Celts is really the same, although obscured, for in ancient days,
the Gaelic Celts of Ireland, Scotland and Man were mutually in-
telligible, as their educated classes still are, and even the Armorican,
whose tongue was once the idiom of all southern Britain, drew from
the same linguistic fountain-head as did the Gaels. The fact that
the influence still lasts is due to the extreme traditionalism of the
Celt who has clung to his ancient tendencies handed down to him
in early oral literatures, varying to-day in language, but similar in
thought and trend.

What then is the common Slavo-Celtic spirit which seems to
connect these two geographically remote Indo-European branches?
What force underlies the folk-lterature of Slav and Celt al'ke,
inspiring both Slavonic and Celtic music and poetry, with a common
fire, showing similar trends in the thought of both peoples, and
moulding the individual disposition along closely similar lines?

The underlying similarity seems to be twofold; viz,, (a) tempera-
mental discontent, and (b) morbid joy in sorrow.

(¢) The most important point in common is perhaps the quality
of longing, a passionate desire for the unattainable, which, when
reached, shall give perfect joy, in other words, a spirit of resless
quest. Thus, the Slavonic religious ideals, demanding intensive,
often absurd personal sacrifices, long fasts or arduous pilgrimages

& There is hardly a score of people to-day in Man who can converse in
Manx. When the writer was in Man in 1807, 2 Mr. Cashell of Port Erin
was almost the only person who counld talk Manx fluently. He told me that

at that time there were about twenty-five people who hdd a thorough knowl-
edge of the language.
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made under circumstances of enforced privation, similar to the seli-
inflicted tortures of the Hindu devotees, may be compared with the
Celtic fasts and semi-monastic ideals. Mpysticism in general is a
common bond between the Slav and Celt. Slav and Celt alike seem
careless of their success or even survival, so strong is the impelling
discontent with the present world. Renan wrote of the unending
quest of the Celt the following words which apply equally well to
the Slav: “ This race desires the infinite, it thirsts for it, and pursues
it at all costs, beyond the tomb—beyond Hell itself.”* The Celtic
legend of the quest of the Holy Grail, the mysterious chalice of the
Last Supper which was regarded as a physical link between Man
and God should be mentioned here. It is highly significant that the
Celtic Grail-cup could be found only by a physically sex-pure man,
an idea which gave the world the later character of Sir Galahad,
unknown in the earlier Grail accounts, a man who * never felt the
kiss of love, nor maiden’s hand in his.”™ This conception of the
necessity of absolute sex-purity exists so strongly among the Slavs
that an entire sect, the Russian Skopcy have devoted themselves to
this ideal by an ordinance requiring voluntary sterilization, which
is still rigidly observed. The Celts, apparently, have not been
guilty of such a caricature, although some of their ancient monks
may have resorted to this method of ensuring continence. The
Slavs seem to have nothing so definite in their lore as the quest of
the Grail, which the Celts not only sought, but actually found.

(B) Accomplishment is not a necessary adjunct to Slavonic
“success ™ and this principle constitutes the second point of resem-
blance between the Slavonic and Celtic characteristics; a morbid
delight in sorrow and especially in failure.

The first thing which strikes the student of modern Russian
literature is that scarcely a tale emphasizes the qualities which make
for success in the formation of human character. Hardly anywhere
in these productions do we find the hero battling his way through
difficulties to an eventual success due to his own efforts. Stephen

4Cf. “The Celt and the World,” by Shane Leslie, N. Y., 1017. The
entire work deals with the character of the Celt

8 Cf, * King Arthur in History and Legend,” W. Lewis Jones, Cambridge
University Press, 1011, p. 107.
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Graham in his recent work on this point (“ The Way of Martha and
the Way of Mary,” London, 1915) is certainly correct in emphasiz-
ing the prevalence of this Russian “ Gospel of Incompetence.” It
would seem as if public sympathy has been at all times, but more
especially of recent years, with the unsuccessful, rather than with
the successful, hero. Even in the old Russian literature, as ex-
emplified in the * Tale of the Armament of Igor” (1185 A.D.), we
find a glorification of the defeat of this prince by the Tatar hordes
of the Péilovtsy. That there was, however, a healthier tone’in Old
Russian is evident from such a work as £adonicina, where the great
victory of Dimitri Donskdi over the Tatar chieftain Mamai is well
sung. Of late vears, particularly in the Russian literature of the
later nineteenth and twentieth centuries, this same tendency is chiefly
conspicuous by its absence. This Russian morbid pleasure in
failure is seen also among the other Slavs, although to a less marked
extent, as exemplified in such Polish songs as Nassze skiby nasze
lany or the beautiful Czech dirge Havlidek and also in many Serbo-
Croatian poems of the sadder style.

The Celts, especially the Irish and Scotch, are remarkable for
their delight in a “lost cause” which is expressed in such well-
known songs as “ Patrick Sarsfield ” or the “ Wearing of the Green”
and the many Jacobite ditties of Scotland. It should be noted,
however, that many songs of this style breathe a spirit of defiance
or at least of obstinacy which always implies remote hope. No such
implication of hope is usual in the corresponding Slavonic poetry.
The Celtic morbid pleasure in death and its appurtenances such as
funerals and wakes is well recognized. Wakes, known as pominki
is Russian, are observed all over Slavia in much the same manner
as among the Celts. From the purely literary point of view, it is
a matter of regret that modern Welsh poetical productions have
nearly all been case-hardened by the stereotyped soul-deadening
form of the twenty-four meters, a system which inclines to sacrifice
everything to alliteration and rhyme. The modern Welsh people
have been very largely denaturalized as Celts, so far as their power
of expression is concerned, by the rigid forms of Protestantism
prevalent in Wales which have tinged the whole of recent Welsh
literature with a dull conventionalism, thus driving out almost
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entirely the spirit of ancient Welsh poetry. In spite of this fact, the
Welsh and Bretons still love grief as much as any Irishman, but
differ widely from the Irish Celt in lacking humor, a lack which
is shared by the gloomy temper of the Scotch Gaels. The Slav,
on the other hand, does not lack humor entirely,—witness such
modern wits as the exquisite Russian Czechov and the Polish
authoress Eugenja Zmijevska, but this quality is commonly re-
garded as an evidence of lightmindedness and absence of mental
poise. ~The vast mass of Slavs are temperamental extremists, either
bathed in a delicious gloom, or else given over for brief periods to
slapstick wit and mad dances which, very temporarily, draw the
sad Slav out of his habitual introspection. A perfect parellel to
these ebullitions may be seen in the wild riot of Irish, Scotch and
Brenton jigs and reels, a form of music not much countenanced at
present by the artificially sobered Welsh.

Old Slavonic literature® is full of tales of mythical heroes who
performed deeds of daring and feats of supernatural strength,
strongly reminiscent of the Irish Finn McCoul. Such hero-tales
are of course common to all the Indo-European peoples and are
not a point of particular resemblance between Slavs and Celts.

It is interesting that both the easternmost and westernmost
divisions of the peoples who speak Indo-Ewropean still retain the
ancient strain of unworldliness and mysticism which so noticeably
characterizes the religious devotees of the nations who still use the
oriental forms of Indo-European. The stern practicality of the
Teuton which has spread abroad through all the Germanic speaking
lands and appears in a special form among the Latin speaking
Franks is bounded east and west by a cloud of “unreal” thinkers
who turn with delight to pessimism and reject success as a mere
material benefit. Upon neither the Slav nor the Celt has the sun
of success ever risen, because both Slav and Celt contemn success.
There was a brief period, while Russia was an empire outwardly
mighty under largely Germanic direction but rotten at the core
with Slavonic apathy, when it appeared as if there might have been
an intellectual union between Russia and the lesser Salvonic peoples.

e Cf. T. Porfirieff, “ History of Russian Literature” (in Russian), Part
1, pp. 40 ff.
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This was in fact fostered by the Pan-Slavonic movement which
sought to teach the non-Russian Slavs to look to Petrograd and
Moscow for their national stimuli. What might have come of such
a movement no one can judge to-day, for with disaster the Russian
character crumbled and the great mass of unthinking sheeplike
peasantry fell into the hands of those who profess equality but
practise codperative slavery, while the lesser Slavonic peoples have
been left to their own devices under the Allied plan of self-determi-
nation. It would be rash to prophesy the future of these newly
formed states of Poland, Czecho-Slovakia and Serbo-Croatia.
Poland alone has a great tradition upon which to build and her
people may have developed, as indicated above, a spirit of sufficient
solidarity to insure their national life.

Judging the future by the past, however, it would seem as if the
Slavs would again be compelled eventually to seek the guiding hand
of the stranger, for Slavs and Celts have ever been politically im-
possible when left to themselves. The temperamental discontent
just discussed, common to both peoples, has made them supremely
jealous and consequently litigious and fractious in all matters of
government. Their tendency is to refuse obedience to leaders of
their own nationality and to break up into small partisan groups.
Among Russians especially debate is difficult. The Irish “Kil-
kenny Cats” are as Slavonic as they are Celtic! The fact is that
Slavs and Celts are both Oriental. When Sergius N. Syromiatnikoff
hinted that Russia had made her great error in turning westward
instead of eastward for her ultimate culture, he was fundamentally
right* The same idea was frequently expressed by Dostoievsky,

" The early Slavs of Russia is summoned the Scandinavian hero Rurik
(Hrorekr) and his brothers to rule over them, as they confessed that they
could not govern themselves. From the Rurik family were descended the
princes of Russia during the first historical period. The Russians have
always required force, both under the Kingdom of Moscovy, the most
notable figure of which was Ivan the Terrible, and under the subsequent
Empire. The present Bolshevik government is one of open force, drafting
the people to work at the point of the bayonets of the admirably disciplined
and organized “Red " army.

& Sergins  Nikolayevich Syromiatnikoff, * Experiments in Russian
Thought ™ (in Russian), Book 1, St. Petersburg, 1001. This work is a most

interesting exposition of the eastward trend in Russian thought. It has un-
fortunately not been translated.
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particularly in his “ Journal of a Writer,” the last number of which,
January, 1881, contains a most elaborate plea for the Asiatic ex-
pansion of Russia in preference to a distinctly western trend.
Slavs and Celts are Oriental character-types in Europe requiring the
strong hand of western administration to guide them to efficiency.
Their thought-basis is from the East and they have never been thor-
oughly westernized. Full of individual kindliness and charm, lack-
ing the qualities which make for that worldly success which both
peoples in general despise, these eastern and western European
tribes, if rightly controlled and guided, should be a welcome counter-
balance to the too rigid materialism of the Germanic peoples and
the cold selfishness of the tribes of the Latin dispersion.



PRODUCTS OF DETONATION OF TNT.! *

By CHARLES E. MUNROE axp SPENCER P. HOWELL.
{Read Apkl 23, 1020.)

The behavior of an explosive and the uses to which it may
properly be put depend in a large measure on the form of the reac-
tion or reactions it undergoes on explosion and the character of the
products of these reactions. Its suitability for use as a propellant,
as a bursting charge for shell, or as a blasting charge in demolitions,
in land clearing, in mining and in other engineering operations is
largely determined by the composition of its products, the rate at
which they are evolved, and the temperature they acquire.

Among the explosives used largely during the recent war none
more completely demonstrated its value and efficiency for use in
H.E. shell, depth and drop bombs, mines and torpedoes, and for
demolitions than TNT, either per se or, for fragmentation purposes,
when mixed with ammonium nitrate or sodium nitrate to form the
explosives styled amatol and sodatol. The authors from their in-
vestigations of the properties of the various surplus military ex-
plosives, which were assembled and being produced in large quan-
tities as the armistice was declared, with a view to their utilization
in civil undertakings, gave it as their opinion® that TNT, when used
as directed, was especially suitable for use in the open. Returns
from the National Park Service, Alaskan Engineering Commission,
Reclamation Service, Bureau of Public Roads and the College of
Agriculture of the University of Wisconsin, to each of which
allotments of TNT have been made, and by whom it has been ex-
tensively used over a wide extent of area and under most varying
climatic conditions, in quarrying, boulder breaking, ditch digging,
land clearing and analogous operations, confirm this opinion. It

1 Published by permission of the Director of the Bureau of Mines,
=11, 5. Department of Agriculture Circular o4, of 1920: “TNT a5 3
blasting explosive.” Charles E. Munroe and Spencer P. Howell
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should however be stated that notwithstanding its excellent gquali-
ties the cost of manufacture will probably prevent TNT per se
being used as a commercial explosive and that its use under the
conditions noted above would not have been advised except for the
necessity of promptly disposing of it and the lack of available funds
to devote to its conversion into a more useful form.

As is pretty generally known, TNT is produced by the nitration
of toluene but by such nitration, according to the way it is carried
out, a large number of mono-, di- and tri-nitrotoluenes are pro-
duced. The existence of six different isomeric trinitrotoluenes is
recognized as possible. By the methods now in commercial use the
material which is produced in the largest quantity and in a pure, or
nearly pure, condition is the a- or symmetric trinitrotoluene, and
it is this material that was adopted as a military explosive and to
which the distinctive name of TNT has been given. The criterion
ased for ascertaining the purity of TNT is its setting point after
having been melted. Our War Department specifies for acceptance
a S.P. of 8° C. for Grade I; of 79.5° C. for Grade II; and of
76° C. for Grade III. Grade I was produced in but small quantity
especially for use in booster charges, though some was, perhaps
unwisely, specified for demolition purposes.

The chemical reactions which TNT may undergo when ex-
ploded will differ with the circumstances under which it is exploded.
When TNT is completely detonated unconfined much black smoke
is given off, for not only are gases, and perhaps vapors, formed but
carbon is set free. A theoretical expression for the reaction of the
TNT per se is

(1) 2CH,(NO,), — 12CO + 5H, + 3N, + 2C.

When TNT is completely burned with oxygen the reaction may
run as follows

(2)  4CH,(NO,), + 210, 28C0; + 10H,0 -+ 6N,

From the presence of the easily ignitible and readily combustible
gases, carbon monoxide and hydrogen, and of free carbon in ex-
pression (1) it is apparent that when these substances, in the highly
heated condition they must be in at the time of explosion, come in
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contact with air they will ignite and burn, though there may not be
time for their complete combustion, hence the results of the detona-
tion of TNT in air under ordinary pressure would be represented
partly by the first expression and partly by the second.

When the explosion takes place out of contact with air or oxy-
gen in a confined space so that high pressures and temperatures are
developed and maintained, the products first formed tend to dis-
sociate or to react with one another to produce new associations so
that, dependent on the primary reactions, the pressures and tem-
peratures attained, and the rate of cooling, the kind of products,
and the quantities of the several kinds of products will differ from
those represented in (1) and (2). One such case may be repre-
sented by the expression

(3) 2C,H,(NO,);— 12CO0+2CH, 4 H, + 3N,.

In practice TNT is exploded by a detonator, or, as in H.E. shell,
by a primer and booster. Since TNT is less sensitive to detonation
than dynamite, gun cotton and the better known high explosives it
is advised that a No. 8 mercury fulminate, potassium chlorate de-
tonator be employed to detonate it. Where * weaker” detonators,
or those containing less than two grams of the detonant, have been
employed to explode TNT in the open the explosive effect of the
latter has been less and the smoke given off was grey.

In all cases detonators of some kind are used to explode TNT.
They usually consist of copper capsules, which in the form of
electric detonators are provided with copper leading wires and re-
sistance bridges sealed in by sulphur plugs, and they are charged
with determined weights of mercuric fulminate alone, or mercuric
fulminate and potassium chlorate mixed, or mercuric fulminate and
a tetryl booster, or with lead azide or other detonant, and on ex-
plosion they will give rise to gaseous and other products which will
be mingled with the products from the TNT itself. It is true that
the weight of the charge of detonant is, as a rule, but a small frac-
tion of the weight of the TNT charge detonated but in any precise
investigation of the products of detonation of TNT the products
from the detonator used should be taken into account.

Although solid explosives, such as TNT is, when employed for
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industrial purposes may be loaded directly into the bore holes yet
experience has shown that convenience, economy and safety are
promoted by using them in cartridge form. However, it has been
demonstrated at the Bureau of Mines Experiment Station that the
materials of the cartridge wrapper and the amounts used must be
carefully considered since when combustible, as in industrial prac-
tice they usually are, they play a part in the reactions taking place
on explosion and modify the kind and quantity of the gaseous
products. Careful attention is now given to this matter of the
wrapper in the preparation of explosives to pass the tests of Per-
missible Explosives since, by the nature of the tests they must pass,
the quantity of inflammable and combustible, and, by regulation,
that of the poisonous gases in the product must not exceed a fixed
limit, nor may those of the explosive when in use in coal mines if
it is desired that the explosive shall keep its place on the list of
Permissibles.

Investigations of the products of explosion or detonation of
TNT have been made by several observers:. The earliest record
noted is by C. E. Bichel® in his “ Table IIL., 1904, where, in a list
of data for a considerable number of explosives, under “ Trinitro-
toluol ” the following products in per cents by weight are given:

Per Cent.
Carbon monoacide ... e iiiennasasnsan e 70.5
Carbon dioXide ........cccvecvsciisssrnsnssannsansns 37
O o e e s et e e e A AP i m 1.7
NHTOBEI ooisrsrrrsssrmsrmnsmssisssanssnsnnensnnases  JID
e A S e s e e e e ey LG

100,00

G. Carlton Smith, on page go of his book* cites the above anal-
ysis stating that the products analyzed were “from the complete
explosion of the material under atmospheric pressure.” Michele
Gina® cites the same data from Bichel and states * sotto 1'azione di
un detonatora di fulminato di mercurio (gr. 1.5 di detonatore)”

3% New Methods of Testing Explosives,” C. E. Bichel. Translated and
edited by Axel Larsen, London, 1905

4+ “TNT, Trinitrotoluenes and Mono- and Dinitrotoluenes: their Manu-
facture and Properties.” New York, 1918, D. Van Nostrand Co.

5% Chimica delle sostanze esplosive Milan, 1919, Ulrico Hoepli.

PROC. AMER, PHIL. 30C., VOL. LIX, M, JULY 23, 1g20.
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but neither of these authors state the source from which the in-
formation was drawn.

It is probable that the explosion from which the products re-
ported were obtained was carried out in the form of explosion
bomb known as Bichel's Pressure Gage which was described and
illustrated by Bichel in his paper on ® Untersuchung Methoden fur
Sprengstofie ™ and also in the book translated by Larsen as already
stated.

Data on the explosion products of trinitrotoluene is also given by
Poppenberg and Stephan” who made use of a calorimeter bomb.
They give the following description of their method of procedure:

The experiment was conducted as follows: The bore hole of a lead bomb
was loaded with compressed explosive, and over this was placed a lead plate
which fitted exactly, the cap projecting throngh a hole in the plate. For
further tamping the bore hole of the lead bomb was filled with dried sand
and the upper part then covered with a lead plate. In several experiments we
used a leaden seal, which contained the primer, for tamping. After placing
the leaden seal in the bore hole the edge of the bomb was still about 0.5 em.
higher; this was turned over under the steam hammer by means of an appa-
ratus for this purpose, and thus a complete tamping was obtained.

When the porcelain bomb was used for the experiment, we first arranged
the tamping with sand and then poured Wood's metal into the comical boring
in order to obtain a perfect seal. After this the fuse wire was joined to a
very thin, pliable and insulated copper wire, and the bomb, thus prepared, was
set ingide the large steel bomb with the aid of a wire noose. In order to
prevent the lexd from being forced into the gas outlet, this had to be covered
with an iron plate. The thin copper wires of the fuse were fastened to the
bomb-head and this was screwed into the bomb. After an evacuation of
about 20 cm. mercury the charge was ignited. During the progress of the
work, the temperature of the gases was lowered to such an extent that the
sillc insulation of the wire was never burned. Therefore it was possible to
complete a determination of the carbon given off. The carbon was rinsed out
of the bomb so far as possible and then burned to carbon dioxide. It occurred
to us to conduct the blasting in the material in which the explosives in question
are used, but it did mot scem advisable to perform the experiment in this
manner, because all other materials, lead and porcelain except, react with the
explosion gases. Porcelain alone can be used for explosive compositions
which are rich in oxygen, since lead oxidizes. Therefore, it is necessary to
dry the bombs before igniting the contents in order to prevent the water
from having any effect upon the actual combination.

8 Zeitschrift f. Berg-, Hutten- und Salinen-Wesen, zo, 66089, 1002,
7 “Ueber die Zersetzung von Pulvern und Sprengstoffen,” Zeitschrift fiir
das gesamie Schicss und Sprengstoffwesen, 5, 201-6, 1910,
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Following this procedure whenthe charging density in the bomb
was about 0.2 the products of two trials gave respectively the fol-
lowing results on analysis:

Pn'ltdlL Puﬂ::m.
Carbon monoxide .....oocsecarenanas SOOL 60.650
Carbor dioxide .........esvssisessns LOJ 1.66
Methane .o arsrreven s e o LOF 1.00
Hydrogen .....cc-cisvsssssnssssrsas 2050 20,80
DIITORRTL | aiie s s e s s aara et o m e e O 16.08

09.46 101.04

In a further experiment in which the trinitrotoluene was ex-
ploded in a lead cylinder enclosed in the bomb Poppenberg and
Stephan obtained

Per Cent.
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In discussing their results Poppenberg and Stephan referring to
an opinion advanced by Kast from a study of theoretical equations
of decomposition of trinitrotoluene say: “Kast calls particular at-
tention to the fact that no water is formed when trinitrotoluol is
detonated ; our experience does not correspond to this assertion.
We could prove regularly the presence of water in quantities of 1.5
to 1.8 per cent. in the explosion products. According to Kast's
equation, 23.4 percent. of hydrogen was to be found in the ex-
plosion products, but the analysis shows only 21 per cent. This
fact indicates further that when trinitrotolucl is detonated water
must be formed."”

Relative to the “hydrocarbons ™ reported these authors say:

The large carbon and hydrogen concentration governs the formation of
hydrocarbons, which probably come from previously formed acetylene (com-
pare Pring and gas composition of the explosion products of ammonal). The
quantity, 1.08 per cent., is not significant and will not have any real effect on

the explosion constants. Whether or not their formation affects the maxi-
mum pressure, that is, whether they are formed at the moment of explosion
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or not until later, we will leave undecided. * When analyzing the gas one natu-
rally has to absorb these hydrocarbons first by means of bromine and fuming
sulphuric acid, for otherwise the methane determination will be incorrect. If
the explosion gases are lead off through ammoniacal silver solution, a small
precipitate is obtained which we claim to be acetylide. Moreover, the explo-
sion gases contain in small quality products of the incomplete combustion,
which probably account for their disagreeable sharp odor. We presume, on
account of the color of fuchsine sulphurous acid, unsaturated aldehyde.

We found further, in the explosion gases of trinitrotoluol significant
quantities of ammonia, about 6 per cent. We ascertained this while we were
introducing the gases and the ammonia set free from the residue of the ex-
plosion by potash-lye, into standardized muriatic acid. The ammonia could
have been formed, as Kast assumes, by direct combination of nitrogen and
hydrogen. We are not willing to subscribe to this opinion, for then we
should not be able to explain why only insignificant small quantities of am-
monia are formed when picric acid is detonated. We are much more of
the opinion, supported by Sabatier’s experiments, that the ammonia is formed
from nitric oxide and hydrogen. The nitric oxide must be formed in quan-
tities which correspond to the equilibrium between oxygen and nitrogen.
According to Sabatier® 2NO 4 2H, =N, +2H.0 (I). But in the case of
greater hydrogen concentration, ammonia is formed, 2NO 4 s5H,=2H.0
4 2NH, (II}). In the case of picric acid only small quantities of hydrogen
are contained in the explosion gases, therefore equation I is substantially real-
ized. But in the case of trinitrotoluol the nitrogen present is converted into
ammonia. These reactions occur with great speed; whether or not they are
to be considered in arriving at the disintegration equation, later experiments
will have to prove.

Bichel in his * Table IIL. of 1904 " definitely states that the data
presented there is given in percentages by weight. Smith in report-
ing the analyses of the different products of these experiments treats
them as if they were stated all in the same terms whereas the re-
sults in the second and third experiments he cites appear to be stated
in percentages by volume. Poppenberg and Stephan do not state
the terms in which they report their results, evidently assuming
that the results of the analysis of a gas will be understood as being
given in percentages by volume since this is the usual custom, and
an examination of the data justifies this opinion.

Taking the data of Bichel’s experiment and subtracting the solid
C the percentage by volume of the residual permanent gases under
normal conditions may be found. The following result is thus
obtained :

8 Anm. de phys. et chem., 1905, 310.
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Per Cent.
Carbon monoxide .......iiiiiiiiiiriisineasa e, DOES
Carbon daoxide &l e e
Fidrogen!n e e sy Al L S sowen 20065
i e S e e T R R

and it is seen that the composition nearly approaches that given for
the products of Poppenberg and Stephan's experiments I. and II.

Bichels experiment is the only one whose results admit of a
comparison being made with TNT itself in order to ascertain the
extent to which the two agree. For this purpose Bichel's percent-
ages for the compound substances have been reduced to their ele-
ments, the total for each element assembled and the elementary
composition of the products compared in the following with that of
pure TNT.

EremexTaRy ComposimioN oF Bicuer's Peooucts axp oF TNT sy WeiGHET.

| Bichel's Products, | THT. | Difference,
B Ly A S 35.423 | 3000 —1.567
L0 2y e e 42977 42377 +0.700
Hydrogen. . ... .. .... 1.700 | 2.210 —0.510
Nitrogen............ 10,000 | 1B.500 +1.301
| 100.000 | 09.905 |

In the descriptions of the above investigations as found no de-
scription of the trinitrotoluene used or any means of checking it,
such as melting point, setting point or other data appear. Poppen-
berg and Stephan do not state what kind of detonator was used,
Giua notes that Bichel in his first experiment used 1.5 gram mercury
fulminate detonator. Experience has shown that at least a No, 8
detonator containing 2 grams® of the fulminate charge is essential
to insure the full detonation of TNT, and the somewhat erratic re-
sults obtained in the pressure gage led us to consider the trial of
tetryl detonators in the hope that more certain uniformity might
result.

Considering the state of the information regarding the explosion
products of trinitrotoluenes that we have found in the literature ; the

#% A Primer on Explosives for Metal Miners and Quarrymen,” Charles
E. Munroe and Clarence Hall. Bureau of Mines Bulletin 8o, 1915, page 36.
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fact that the Bureau of Mines Experiment Station possesses a Bichel
Pressure Gage equipment with proper laboratory accessories which
it has long made use of in its tests of explosives to determine their
“ Permissibility ” and for other purposes, and a force experienced
in their use: and that TNT is now readily accessible and possesses a
special interest, it has been deemed proper to make a special investi-
gation of the products of detonation of TNT. As the investigation
will necessarily be somewhat prolonged we are presenting here prac-
tically a progress report giving the preliminary results.

The TNT at command from the war surplus gave a solidification
point of 80.2°, and a nitrogen percentage by the Orndorff method of
18.14 and by the Dumas method of 18.32 both S.P. and N-content
being used as criterions of purity, and the N-content being also used
as a ready check on the completeness of the recovery of the products.

The Orndorff method of determining nitrogen devised by Prof.
Orndorff of Cornell University and as yet unpublished, is briefly a
modification of the Kjeldahl method in which red phosphorus and
hydrogen iodide, together in some instances with iodine, is used as
the reducing agent, and cupric sulphate, sodium sulphate and sul-
phuric acid as the digestion agent. This method has been quite
generally used during and since the war and is much approved.
The method gives quite concurrent results on explosive substances
and from general considerations of all the circumstances it is be-
lieved to give results to about the same degree below the truth that
the Dumas method does above.

The Bichel Pressure Gage equipment of the Bureau of Mines is
described, with illustrations, on pages 103-109 of Bureau of Mines
Bulletin 15 and the procedure followed in its use on pages 30-32 of
Bureau of Mines Technical Paper 186."* In early tests of explosives
detonations were made in lead bombs enclosed in the gage after the
manner described by Poppenberg and Stephan but this was found to
injure the gage and alter its volume, hence the method was long
since abandoned. A recent recalibration of both the 15- and 20-liter

10  Inyestigations of Explosives Used in Coal Mines,” Clarence Hall, W.
0, Snelling, and S. P. Howell. 1012,

11 “ Method for Routine Work in the Explosives Physical Laboratory of
the Bureau of Mines,” S. P. Howell and J. E. Tiffany. 1018
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gages showed their volumes to be 15.3 and 20.6 liters respectively
and these latter volumes are made use of here in ascertaining the
loading or charging density. It is to be noted that the pressure in the
gage is reduced to 50 = 5 millimeters before the explosive is fired.

Unless otherwise stated a No. 8 electric detonator, containing in
its copper capsule 2 grams of composition consisting of mercuric
fulminate 8o per cent. and potassium chlorate 20 per cent., was used
to detonate each charge of TNT.

As before stated the explosive used was Grade I TNT prepared
for the Ordnance Department of the U. S. Army. The material
was received in bulk and in preparing it for the gage the weighed
charge was packed in a tinfoil wrapper. This tinfoil varied in
weight from 1.5 grams on the 25 gram charge to 9 grams for the
400 gram charge of TNT.

The pressure of the permanent gases in the gage was measured
on a calibrated Schaeffer and Buddenberg gage 5 minutes after
firing the shot, and a differential sample of the gases drawn off over
mercury for analysis one half hour after firing the shot, the tem-
perature of the gage and the gases being read at the same time.

In those tests where a charge of 250 grams or more was used,
the pressure of the gases was greater than the capacity of the
Schaeffer and Buddenberg gage. Accordingly, in order to be able
to make a reading, immediately after firing the shot, the gases were
allowed to equalize in pressure between the 15-liter gage and a 2o0-
liter gage previously evacuated at 50 millimeter pressure, connected
together for that purpose. The observed pressure reading in those
tests is the pressure obtained in the two gages after equalization.

The gases were analyzed in the Burrell modification of the Orsat
apparatus described as to its construction and operation by Burrell
and Oberfall* being determined in the order CO,, O, CO, H, CH,
and N, and the results of the analyses are presented as determined
in percentages by volume.

2% The Use of Copper Oxide for Fractionation Combustion of Hydrogen

and Carbon Monoxide in Gas Mixtures,” G. A. Burrell and G. G. Oberfall,
Jour. Ind. Eng. Chem., 8, z28-31. 1016,
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CALCULATIONS

A computation of the total amount of nitrogen in the gases com-
pared with the total nitrogen in the explosive, detonator, and residual
air in the gage, serves as a check on the accuracy of the observations
involved. This computation is based on the following data:

Analysis of gases,

Weight of charge,

Barometer,

Absolute pressure in gage,
Temperature in gage before shot,
Temperature in gage after shot,
Pressure of permanent gases.

The following complete calculation of test MP——_ 12345; is given as
an example of the method of calculation:
Analysizs of Goses.
Per Cent.
CO, L s O e ST o |
O L R et e e e O R e P et A T bt 0
=l L S T e P S T R TR L
[ o0 - PR S P T SRR PR s
[ e R e e s o o R e 15.8
Weight of Charge ...ccccicumaressnrsrorasssrarsanas... JOO grams
Barometer readifif ....ocoeavansessrsnssrarsrrnsecee: 732 MM,
Ahsolute pressure il BAEE «eoc-seserasstasasisiiiaianan 50 ' mm.
Temperature of gages before shot,
(15 Liter EAge) -ecevoneseasssmrrssssmsnsnansnannas 25° C.

(20 liter gage) .u.oesees e L o
Temperature of gages after sh':lh

(15 liter gage) . e e S SRR ]
(20 liter EAEE) ..o.ececcsiicrsesnsnasarierniianans 25" C.

Nitrogen in Explosive.

300 ¥ .1814=754.420, in which 300=weight in grams of ex-
plosive, 18.14=per cent. N in TNT, as determined by the Explo-
sives Chemical Laboratory by the Orndorff Method.
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Nitrogen in Residual Air.
(1)

50X 153X 7904 X 273 X 12542 _ -0
760 X 208

in which 1.2542=weight of 1 liter of N at 0° C. and 760 mm.,

50X 273 X 15.3
760 X 298

760 mm. left in 15 liter gage.
7g.04 =per cent. N in air.

—volume of air at o® C. and

(2)
50 X 20.6 X 7904 X 273 X1.2542 _, ,,.
760 X 298
in which 1.2542=weight of 1 liter of N at o° C. and 760 mm.,

50 X 273 X 206
760 X 208

#60 mm. left in 20 liter gage.

— volume of air at 0® C. and

70.04=per cent. N in air.

Nitrogen in No. 8 Electric Detonator.

2 % 80 ¥ .0985 =158 grams, in which 2=weight of charge in
grams, and 8o=per cent. mercury fulminate in charge, and 0.85
per cent. N in mercury fulminate.

Total N Put in Gage.

From explosive ...ceevvcrsnnrrrsssssnsassasassss 54420 grams
From residual air ....ocvviiisvnasnsassassasianas 2131 grams
From electric detonator .......cesssssseecasessss  <I58 grams

56,700 grams

Nitrogen in Gaseous Producls of Combustion,

Observed pressure gage rtadmg. B.o3 kg per sq. cm. .... 5,025 MM, mMercury
Barometer ......... e L T B el Ty
Total pressure in mts ......... T A T AP 6,657 mm. mercury
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6657 ¥ .01832=121.96,
6657 % .02483=165.29,
plosive, in which 6657 =total pressure in gages in mm. of mercury,

}23?.35 liters of gas from 300 grams ex-

01832 = factor to reduce to 0° C. and 760 mm. pressure;—ﬁé——-;—;ﬂﬁ

273 ¥ 206

02843 = factor to reduce to 0® C. and 760 mm. pressure L
= P 760 ¥ 208

287.25 X .158 X 1.2542=—156.922 grams N in gases, in which
287.25=liters of gas in both gages at 0° C. and 760 mm.,
15.8=per cent. N in gas,

1.2542 = weight of 1 liter of N at 0° C, and 760 mm.

o BT A o Tt A S N I 56.700 grams
I hommd ey e e T et T e 56022 grams
DAfference .........iciecciinasaiiissisnenarisnss o213 grams

In order to compare directly the products of combustion from
the explosive at different pressures, all of the gas analyses were
computed free from the nitrogen in the residual air and that given
off by the electric detonator. These results are given with each
test and also in the summary in Table No. 2.

Derancs oF TEsTs.

Test No. Eg%g;:

Weight of charge 25 grams.

Temperature of gage before shot 29° C.
Temperature of gage after shot 29° C.
Barometer, 728 mm.

Observed gage pressure 1.01 kg. per sq. cm.

Gas Analyses.

Calculated Free from M in Residual Al and

ec, Detanator,




MUNROE-HOWELL—PRODUCTS OF DETONATION OF TNT. 207

Calculations.

N in explosive, 253 0814 «.vvviiranorrrnrrrnsaranesns 4535 grAms
W oin residimal 31 . .ccinrsansavissssasasasanansnsssanss SO0 grams
N in No. 8 electric detOnator .....c.civsasnssnsasssacs <158 grams

Total N put in Zage ......cvvsimararansscssrniesss 5.580 grams

N found in gases: Obs. pres. 1.01 kg. per 5q. em. ...... 743 mm.
BArometer .....coeesenssseaiiaiian 728 mm,

Abs, pres. in gage .........vs--0-0 5471 mm.

1471 X .01820=26.77 liters gas from 25 grams.
26.77 % .16 X 1,2542=75.372 grams N in gas.

N put ifl BREE +.vvevsacivnsisssssssnananannnnnns 5.580 grams
N found in gas ..coceviersnavassrrsnnsssnssessss 5372 grams

DEfIErOnce o .ovivsessssisrssbsnrnnnasasvsssies — Iy ETAME

= ahE=
Test No. P——ISS;;
Weight of charge, 50 grams.
Temperature of gage before shot 22° C.
Temperature of gage after shot 23° C.
Barometer, 734 mm. !
Observed gage pressure 2.88 kg. per sq. cm.

C:'aa Analyses,

As Found in Gage, Calculated rnmﬁi&:rumml Air and
Per cent. | Per cent
R s ek 5.0 COz.vvvvvnvnnnns | 5.1
o o a 0 PR | .
e b el 52.5 O] 53.3
e T L 27.1 3 27.5
o R S 4 R e il
;. pEi 15.0 N... - & 13.6
Calcwlations.
N in explosive, 50 814 covviiinenmrrasrssasansnans 0.070 grams
N oinresidual 830 .. cvcvcacisirimi s asis st br s ssene ¢ P17 ETRINS
N in No. 8 electric detonator ......ceevevrmesceriines .158 grams

Total N put in Gag® «.ssseeunrecnssnssncacnssnnss HLI45 Egrams

N found in gases: Obs. pres. 2.88 kg. per sq. om. ..... 2,120 mm.
Barometer ....ccsrsrrsrssinnnnss 734 mm.

Abs. pres. in BB ..cevissiannsnas EEE-; mm.
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2,854 X .01850=153.06 liters of gas.
53.06 X .15 X 1.2542=0.082 grams N in gas,
N put in gage |0 2NN SIS O 10.145 grams

N found in gas ioe oo e rrees cisassassesames DORZ grams
Differenes 1 o T e v o Y QTR

M—z
Test No. pP— Igg:
Weight of charge, 75 grams.
Temperature of gage before shot 27.5° C.
Temperature of gage after shot 28.0° C.
Barometer 732 mm.
Observed gage pressure 4.60 kg. per sq. cm.

Gas Analyses.
As Foand in Gage ; FHEIE:NDHDMN = A s
Per cent. Per cent.
(e S e AT 1.8 6 S Dt 1.8
B e o T e O e eyl s e 0
DO b e B 58.0 O s 5B.7
3 M i e R SO 238" e T 5.1
e I R L e T I T e et I
N_ ...... 15.3 |y e e R 14.3
Caleunlations.

N in explosive, 753 .IBI4 ...oivuerarvansinniciiae. . 13608 grams
Lo BT g T Y T e AU |, T+ - |
N in No. B electric detonator . . .oeocceassssnsssrsnses 158 grams

Total N put in Gage -.....cesrrsessrsnsrnnenssss 140662 grams

N found in gases: Obs. pres. 4.60 kg. per sg. em. ..... 3,386 mm.
Barometer ......cseocisssiasscnsss 732 MmML

Abs, pres. in gage ..........ov.... 4118 mm,

4,118 X .01826=175.19 liters of gas.
75.19 X .153 X 1.2542=14.428 grams N in gas.

N oputin age ...cucvcviiiiniascsiinaiiasanasays 14662 grams
o e e T T S L 14428 grams

Difference ........covviisiaansnsnsssassanses —234 grams

Test No. L2354

P—1833°
Weight of charge 100 grams.
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Temperature of gage before shot 28° C,
Temperature of gage after shot 28.5° C.
Barometer 729 mm.

Observed gage pressure 6.81 kg. per sq. cm.

Gas Analyses.

As Found In Gage. | Onlcxlatad Frae fvtn N i Raslonl i el
Per cent. | Per cent.
L B e e 2.0 o o e 2.0
el St L 0 O o e e 0
i R R 58.0 COL L S e 58.5
: - R 25.4 BEs e how W e 25.6
2 Pl o s e - | CH e as 5
| e 14.5 N ah ol 13.8
Caleulations,
N in explosive, 100 3 IBL4 o ovuivirinniiesiinisanssng 18,140 grams
N in residual 2l ...ovviiiianieniiinnnaneriiiivesees.  .800 grams

N in No. 8 electric dt’mﬂatar rerassssssasseranennnnen 15 ETAIMS
Tiokal M DOk I0 IR i i i nan o o e e Elg? grams

N found in gases: Obs. pres. 6.81 kg. per sq. em. ..... 5012 mm.
Barometer ......ovoivesiniansvess ) TN

Abs, pres. In FaEe ...ciceicainsson 5,741 mm.

5741 3 .01826=104.83 liters of gas.
104.83 X .145 X 1.2542=19.064 grams N in gas.

Noputingage ......cocivniinienncansnnsnennas. 10097 grams
N found in gas .........ovvveveviiiiiniasnanns., 10,004 grams

Daffereniet (Lo tecrs v vr doran soiyineveine —I3% BTN

M—2

Test No. 13,_1%4

Weight of charge, 150 grams.
Temperature of gage before shot 25° C
Temperature of gage after shot 26° C.
Barometer 738 mm.

. Observed gage pressure 10.83 kg. per 5q. cm.
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Gas Analyses.

As Feund in Gage. Cuiculated Fres froes M (8 Revidual A and

Per cent. Per cent.
LB PR L 1.4 DD s w s aas 1.4
(8] O e e e e s 0
(o R { 58.1 (00 i b A 5B.4
1 O e { 25.6 ey e e 25.7
CHG.......o 0 5 it 3
N 14.4 | e R T 14.0

Calculations,

N in explosive, 1503 3814 c.vuviiarasssisnrrarnaanes 27,210 grams

N in residual BiF cvvevescrcesssssvsnsananssssssnsnnss QI gTams

N in No. B electric detonator ....cossessseasasssssnss 155 grams

Total N put in Bage c...iiceeecasssssssrssinsanns

N found in gases: Obs. pres. 10.83 kg. per sq. em. ...

Barometer .....ceecacecscsnsanacs
Abs, pres. in Bage «...coccisieaees

8700 ¥ 01838 =160.07 liters of gas.

28.279 grams

77l mm.
738 mm.

8,700 mm.

160.07 X 14.4 X 1.2542=28.910 grams N in gas.

N found in gas .....oeceoesrnarasrassnsannans

B e e

Test No. ?;":Tag:g'*

Weight of charge of 200 grams.
Temperature of gage before shot 27° C.
Temperature of gage after shot 28° C.
Barometer 726 mm.

Observed gage pressure 13.79 kg. per sq. cm.

Gas Analyses.

28.279 grams
.. 28910 grams

+fi31 grams

Caleulated Free from h In Residual A.Lr..p.d

As Found in Gage. Ele, Detonator.,

| Per cent. Per cent,

. 1.3 [ e 0 P PR 1.3

0 Lo A e A = 0

50.7 B e e e 6o.0

22.8 e R ik e o aTet 22.0

1.2 L 2 e A e 1.2

15.0 |y I 14.6
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Calenlations.

N in explosive, 200 3 .2814 .........coiivviiiiiii ... 36280 grams
T L g ot L BT o e L e e L 2oy grams
N in No. 8 electric detonator ........eerervasancassss _ 158 grams

Total N put in G2Ee ..ocevvvrrnvrnnnrnsnnanes 37,337 grams

N found in gases: Obs. pres. 13.79 kg Per sq. cm. .... I0I50 mm.
BATOMEbED  1vsarosnsasnnnnravanyen: s miny,

Abs. pres. in Eage ......ovesnnae.. 10876 mm.

10876 X .01825 =108 49 liters of gas.
198.49 X .15 X 1.2542=37.342 grams N in gas.

o J ol 1T R L A S e Ml R e Cor ] v 1117
N ifonnd in @i o iicsis oo sanaainassss s sas 37342 ETRME

DEfFerence  o.o. i i oiiciciaatiiciuanasseenss J-D05 grams

Test No. .!P'!:E@

Weight of charge 250 grams.

Temperature of gages before shot 26° C,

Temperature of gages after shot, 15 liter, 28° C.; 20 liter, 26° C.
Barometer 527 mm

Observed gage pressure 6.69 kg. per sq. cm.

Gas Analyses.

As'Foand In Gage. PSR s Yo 1 R
Per cent, Per cent

1.5 b, B AT 1.5

0 L} P R 0

£0.3 i B e e | 60,7

20.6 H e witamom s sme 0.7

1.9 N R et 2.0

15.7 L R T S I5.1

Caleulations.

N in explosive, 250 % .IBI4 .....covvvivnarrarnannaas-x 45350 grams
Nin:residgal alr o Sl o o H05 grams
. . 1.215 grams
N in No. 8 electric detonator .......ccovvvvvvnnenn... 158 grams
Total N pot i Bage . ..oveererenninrnnnsssensnsss 47.628 grams

N found in gases: Obs. pres. ﬁ.ﬁgkg per 5q. CMm. ..... 4024 mm.
Barometer .............ceiiiii... 727 mmm,

Abs, pres. in gage .....veiiiiean s 5,651 mm.
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5651 X .01826=103.17 } .
5651 X .02475=139.86 |2+3%3 liters of gas.
243.03 X .157 X 1.2542=47.855 grams of N in gas .

N piat In R mae s e ad e e e e e s e 47.628 grams
N found M gas e e sn s s msnnie s s ne e s TS FTAME

DIFErenct’ o .oeudiiviusssnnniasssussmassinens 22y RUAMS
Test No. %E?ugf; :
Weight of charge 300 grams. :
Temperature of gages before shot 25° C.
Temperature of gages after shot 15 liter, 27° C.; 20 liter 25° C.
Barometer 732 mm. '
Observed gage pressure 8.05 kg. per sq. cm.

Gar Analyses.

A Found i Cage mmdrﬁ?nnmng.amum
Per cent. Per cent.
T e s I.1 o T B L WL I.I
R e R 0 O.. o
o 6o.2 2 o W SRR SR G0.6
B e S 21.0 H. 21.X
C el 1.9 [ s e RO 2.0
e T e 15.8 oo e e e e 15.2

Calculations.
N in explosive, 3003 IBI4 «.ovevmirriinsnrressnscess 54420 grams
B Y PP A I L T o o ek o o o w9 e e
N in No. B electric detonator .....cceevresiicsnsnaaas _ -158 grams
Total N put I BREE «.ivesarsnnssrvissnssssssaves SNFO0 ZTAME

N found in gases: Obs. pres. 805 kg. per sq. em. ..... 5025 mm.
Baromeler: o bt s 732 mm.

Abs, pres. in BAEE ..cvcviesaaenen. 6,657 mm.

6657 X ‘013322121‘95} 1
6657 X .02483 = 165.29 287.25 liters of gas.

287.25 X .158 X 1.2542=—356.922 grams N in gas.
ol L W SR e L B e e 56.700 grams

N formd in Bas ... .cceqiresisranassssssransassss G022 grams
Difference ....ivioeoioiiiiisnnsssnsansses S 213 grams
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Test No. r;:—fg:g

Weight of charge 350 grams,

Temperature of gages before shot 15 liter 25° C.; 20 liter 24° C.
Temperature of gages after shot 15 liter 27° C.; 20 liter 24° .C.
Barometer 731 mm.

Observed gage pressure 9.48 kg. per sq. cm.

Gas Analyses.

ﬁ‘_—__
As Fourd In Gage. Calcnlated F?&Tmmﬁ:.nmwn Alrand
Per cent | Per cent.
O s e e B IG5 LG e e 1.6
(oo o gl e e, L 0 B P o,
i 6a.5 5 O e 606
H s e 20.1 ! L e R AR 20.3
L e e 2.3 Lo - R 2.3
B L et 15.5 e e e 15.3
Calculations.
N in explosive, 350 5¢ IBIL veavrranneminsmsnnnennnnns 63400 grams
N in residual air ...... CaA A R R ke e D ETIS

N in No. 8 electric detonator .......coveerarnavassasn 158 grams
“Total N put in Qage -...cicciciicmiiasasssnannns DL5ESH gFrams
N found in gases: Obs. pres. 048 kg. per sq. cm. ..... 6977 mm.
b E e e e D SR A e L L i s
Abs. pres. if Bage coviensrercsases 7,708 mm.

o8 % 01832=141. 5
;gssi.m 322:;1;;]331_9? liters of gas.
331.07 X .155 X 1.2542=04.535 grams N in gas.
N DO T AR i e s e s e e e e 5 e i 64.556 grams

N found Ingae ......coociiiiiiciieaaasisnven s s O45TS Frams
Difference .....oiivesesssrsnssssrrvavensaas, —021 grams

Test No. %}f&;ﬁ

Weight of charge 400 grams.

Temperature of gages before shot 15 liter 23° C.; 20 liter 22° C.
Temperature of gages after shot 15 liter 25° C.: 20 liter 22° C.
Barometer 731 mm.

Observed gage pressure 10.79 kg. per sq. cm.

PROC. AMER. PHIL. 50C.,; VOL. LIX, N, JULY 22, 1920,
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Gas Analyses.

Calculated Free from N in Residoal Airand
As Found in Gage. ey ?

Per cent. Per cent.
I 6 R 1.3 1.5
e iy e LB TS 1 el e
i e 60.4 &o.7
1} B I 10.8 0.9
CHa. i 2.3 2.3
L 16.0 156

N in explosive, 400 3. I814 -...ovones ciearnaseaasssns FRoho grams

N in residual air .......... A o A A b S

: a 1.231 grams

N in No. 8 electric detonator ......c.ozeessssssnsannes .158 grams

Total N put in Gage ....eereenves veesansansnnness 74863 grams

N found in gases: Obs. pres. 1079 kg. per &q. em. ... 7042 mm.
Barometer .....iocsssssasssesssss 731 MM

Abs. pres. in GAEE -cccsararrsscsns 3_.653 M.
8673 X 01844 =159.93 } :
8673 X 02508—217.52 37745 liters of gas.
277.45 X .16 X 1.2542=75.744 grams N in gas.
N put in gAgE +vrees- ek R 8 e A SRl R
N found i EAS ..rencssssssssssasersrsrsansssees J5744 grams
TRITETETICE. o s ssnsrssnmnmnnrensinaianasnsssnses 4 881 grams

TABLE 1.
Susmaany oF Gas AxaLvses as Fousp Ix Gace, Liters oF PERMANENT GASES
axp Nrmroces Check Using OrRNDORFF VALUES,

W, of Charge (Grams).
25 55 I 7% | L 150
COs(percent)....cccoeeesen| 02 5.0 1.8 20 | 14
O lperoenb). oocicianiisres .0 -0 0 0 -0
CO (per €ent.) .. .vvavsvrssses]| SE5 52.5 58.0 s8.0 581
H(percent.)...cocuunnesesss] 0T 27.1 248 23.4 25.0
CHifpereent.). . cocoepianas -2 4 | - =L =5
Npercent.). ..oveersrssssss| B0 15.0 153 14.5 14.4
e T 2677 | 5396 | 7519 | 104.83 | 160.07
N check (grams). . ........... —.317 —363 | —.z24 | =131 +.631
| 200 | ae | we | ae | e
COg (per cent.)........ 1.3 I.5 2 | xs | ax
O (per cent.) . ... A .0 0 0 20| 0
CO (per cent.).... 50.7 0.3 60.2 60,5 60.4
Hpercent.). ......coouuuan. 23.8 | 0.6 21.0 20.1 19.8
CHu (PEF CENE) e v enrennnsas 1.2 1.9 19 g3 || =3
P (per Cent.)s i e e s mnnan | 150 15.7 | 158 15.5 | 1b.o
Liters ol gRA. .« v ovasnsanases | 1pB.40 | 243.03 | 28725 | 331.07 | 37745
N check (grams).......oooe0.. | 4.00% +.227 +.213 =.021 +.881
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TABLE II.

Summary oF Gas Axavvses Carcurater Free rrom Nrmeocew 18 REsmuad
A axp Evectric DeEroxatos axp DexsiTy oF Loanixe,

‘ We. of Charge (Grams).

a5 r » 75 bl 155
COy (per cent.) . . 6.4 5.1 I.B 2.1 1.4
O {Deroenb) e e S e 0 0 X ] 0
COper otnb). ... ovenerernan 53.2 533 | - 587 50.8 58.4
Hifper oent.) ..o | 260 27.6 25.1 6.z 25.7
CHilpercent)..oocuueiu.. | 2 4 .1 1 g
b [T S 1 133 :Is,ﬁ l-li..] 13.8 4.0
Loading density . ~| wivw | o | oy | s | P
| == ma | e | 350 4o
COalpercent.)....cocuvurnn. 1.3 I.5 i1 | 16 I.%
Ofpercent.). i 0 0 0 0 .0
OO (pereent.) . .couiiyiinan &0.0 60.7 60,6 &o0.6 60,7
HoAper oot ). . o i ievans 22.0 20.7 2I1.1 20.2 19.9
CHy(peroent.).............. 1.2 2.0 2.0 .3 2.3
Ly 14.6 15.1 15.2 15.3 150
Loading dengity. .. ...ov0iue. -.-,.1.,; rl1-l'l'? _:!ii ;.Eu-; :TIJ.-ﬁ

NH, 1x Gaseous Propucts oF CoMBUSTION.

Previous investigators of the products of combustion have re-
ported varying amounts of NH, gas among the gaseous products of
combustion of TNT, one investigator reporting as high as six
per cent.

In carrying out these tests, a distinct but not strong odor of NH,
was always obtained on opening up the gage after the shot. To
determine the amount of NH, present in the gases, all the gases ob-
tained from a 200 gram charge were passed through a dilute solu-
tion of sulphuric acid, and the amount of ammonia determined in
this solution. i

The test showed that the gas contained 0.034 per cent. of NH,.
This value was that expected as the result of odor tests carried out
by the Bureau of Mines which showed that an amount of NH, cor-
responding to 0.05 per cent. gave a strong odor of NH,.

EFrFecT oF DExNsITY oF CARTRIDGE oF TNT o Gaseous Propucts.

In order to determine whether the density of the cartridge of
TNT had any effect on the gaseous products of combustion of TNT,
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tests were carried out using a 200 gram sample (M —2630) of
Grade I TNT, containing 18.34 per cent. nitrogen by the Orndorff
method, which was obtained pressed to a density of 1.50, and the
results obtained compared against a 200 gram sample of M —z354,
which was pressed to a density of 0.86.

The results of the tests are as follows:

- M—2354

Test No. P— 1840"

Density of cartridge 0.86.

Weight of charge 200 grams.

Temperature of gage before shot 27° C.

Temperature of gage after shot 28° C.

Barometer 726 mm.

Observed gage pressure 13.79 kg. per sq. cm.

Gas Analyses.

i MNin R Air and
As Found in Gage i Fmﬁ:’?"nmm“ mm
Per cent. | Per cent.
o T AR e 1.3 e b .3
b P M R R .0 e R .0
i 7 Je e ey S 50.7 co 60.0
e e e 18 22.8 Hi 22.0
W T R A 1.2 CHa 1.2
e e R 15.0 e n i i 14.0

Calculations.

N in explosive, 200 3 .1BI4 ...oiicvirinimmnaiaionanas 36.280 grams
T in cesidial AiF ..oseseesssserasansssnnsasssnrersnss D90 ETAMSE
N in No. B electric detonator ..-sssrsesssassessraeas 158 grams
Total N put i GAZE «cvvserssrsrrasssssnrsaansaa. ﬁ;‘ grams

N found in gases: Obs. pres. 13.70 kg. per sq. cm. ... 10,150 mm.

B AR ea st e e sl L D TITIE

Abs. pres. in Bage «.ccvrrranancoss 10876 mm.

10876 % .01825=198.49 liters of gas.
198.40 X .15 X 1.2542 = 37.342 grams N in gas.

N oput in BEEE ..evvviissasannsnsierasaneresavass 37.337 grams
N found in @35 ......cceeivessssrnnssssnnsraaass 37342 grams

DAffErence ovvininsscnsisnsnssnnnssnnnssasss =005 grams
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M — 2630

P18’

Density of cartridge 1.50.

Weight of charge 200 grams.

Temperature of gage before shot 25° C.
Temperature of gage after shot 26° C.
Barometer 718 mm.

Observed gage pressure 13.51 kg. per sq. cm.

Test No.

Gas Analyses.

Calenlated Free from N in Residzal Mr.lnd_-
Elze. Detonator,

As Found |n Gage.
Per cent Per cent

0.9 L p YT . 0.9

o 2 F R o

50.1 [ o WL AR ] 594

23.5 I e ot e e | 23.6

1.2 G e T i v | 1.2

15.3 WNorrvesvascrekite | 14.0

Calculations.

N in explosive, 200 % 0834 ..ccoriiinennrrenasaneses. J0.680 grams
Noin retidtal 20T »vvvevesrrsonsmmncesrsisesanasnissss Dld Erams
N in No. 8 electric detonator ......ceeeeescsssscsssss <158 grams

Total N N BaEL cvvrvrararsssssrsrsrnransersrssss 7752 GTAMS
N found in gases: Obs. pres. 13.51 kg. per sQ. cm. .... 0,043 mm,
Baromeler ...isceesecsssssssnrssss  FIS O,
Abs. pres. in BAEE ...cvesserssasss 10,661 mm,

10,661 X 01838 =195.95.
195.05 X 15.3 X 1.2542= 37.601.

N Dot N @ag® ivisisansnnsnnnssnsriinvaasnnsins J75E ETAMSE
N Found DN BaS siviiviiosesannsassrsnnninnnsssss 37001 grams

DiEtI.'l!ﬂ{t PP e P G PR e e PR -—-_15] grams

TABLE III.
Compamtsox of Resvrts SHowine EFFect oF DExsiTy oF CARTRIDGE.
Sample M-a35y Sample M-2630.
Density of cartridge ........covvenranss 0.85 1.50

Weight of charge ...cocvvnnnananannns 200 grams 200 grams
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Axavysis oF GASES,

(1) As Found in Gage (Per Cenl.).

CENRER o e L3 0.9
b C RTINS e A S 0 0
I3 1 AT R Sl e e 228 23.5
B 2 PR L s e S D e 1.2 1.2
N . 15.0 15.3

(2) Calculated Free from N in Residual Air and Eleciric Detonator

(Per Cent.).
D) s T e R e b a 1.3 0.9
O i e ey e n 0 0
o N L m e A 60.0 50.4
H o e 229 236
CHy Sl S o 1.2 1.2
W i e e s e 14.6 149
Absolute pressure in gage ............ 10876 mm. 10,661 mm,
Liters of Hases ....ccvisrnavasssnsnasss 10540 195.05
Nimogen check ..o crrsnnnssacersssas --.005 gms. — I51 gms.

It will be noted from the above comparison that for equal weight
of charge, the density of cartridge has no effect, within the experi-
mental error, on the gaseous products of combustion of TNT,

ErrecT oF DirFERENT PRIMING SUBSTANCES oN ProbDUCTS OF
ComeustioN oF TNT.

In carrying out these tests, occasionally samples of gas were
obtained using the same weight of charge which gave widely differ-
ing results from the usual results. As an example, there are given
below three different analyses using a 400 gram charge.

{2} (3
M-a3sq, !’::iﬂ_
P-esy | PaiBag

Per cent. Per cent.

1.5 1.7

X 0
6o.4 579
9.8 23.6
!I 2.3 I.g
16.0 14.0
| . 37745 | a3a
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It was thought that these different analyses were the result of
the explosion reaction following different courses, dnd that if a
priming charge different from mercury fulminate-potassium
chlorate were used for initiating the detonation, the explosion reac-
tion might either be made to always follow the same course or that
a still different reaction might take place. Accordingly, tests were
carried out using an electric tetryl detonator (M —2664) contain-
ing a base charge of 1.2149 grams tetryl and a priming charge of
46350 grams mercury fulminate-potassium chlorate mixture.

The following table shows the composition of the gases obtained
from 200 gram samples of M —2354 at a density of 0.86 and 200
gram samples of M —2630 at a density of 1.50, using both a fulmi-
nate and tetryl electric detonator. For comparative purposes, all
these analyses have been computed free from the nitrogen in the
residual air and electric detonators.

‘ Sample M-a354. t | Sample M-s63a.

Tew No..... Py, P-a888, P-séré, ‘ P-iBiy.

Density . .. ..| o B, o, B6. T.50, .50,

Detonator . ., Fulminate. Tetryl. Fulminate. Teeryl.
A ninenis'en | .3 1.5 1.2 0.9
R e e e | S0 0 SO ]
2 0 e | fo.0 603 0.7 50.0
| 2 e e R e | 22.9 22.7 22.0 231.3
i L P e R 1.2 1.8 1.2 X7
o o il e L 14.6 14.1 15.0 | 15.1

It will be noted from the above table that the gases given off by
the two samples of TNT were practically the same whether ful-
minate or tetryl detonators were used.

Sormn Propucts oF CompustioN FRoM Grape I TNT,

On opening up the Bichel gage after firing a charge of TNT,
there is found deposited on the walls of the gage a very finely
divided deposit of black soot-like appearing solid. This same solid
can always be observed when TNT is detonated where the smoke
can be seen.

The question has arisen as to the amount and composition of this
deposit and its effect on the gases, i.¢., whether this carbon-like de-
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posit would absorb a sufficiently large quantity of gases to influence
the observed pressure reading for total quantity of gas produced, or
absorb a selected gas in sufficiently large quantity to affect the com-
position of the gases.

On account of the rough and pitted condition of the interior of
the Bichel gage, it was impossible to obtain an exact determination
of the amount of this deposit. But several determinations were
made to secure this as accurately as possible, and it was found that
with 200 grams of M —=2354, 11 grams of solids were obtained,
while from 400 grams, 15 grams were obtained, corresponding to
5.5 and 3.75 per cent. respectively. Two determinations made with
200 grams of M — 2630 gave 16 and 18.5 grams or 8.0 and 9.25 per
cent. respectively.

While an insufficient number of tests have been carried out to
warrant any definite conclusions, it would appear that the amount
of deposit decreases with the increase in charge and is increased by
the density of the cartridge, as in sample M — 2630 which was com-
pressed to 1.50. ;

The exact composition of this deposit has not been determined
as yet, for this deposit is contaminated by the iron from the support,
copper and sulphur from the electric detonator, and tin from the
wrapper holding the TNT, and no method so far tried has served
to separate them. An analysis of the contaminated deposits has
given the following result:

Per Cent,
R R e e e a s s mnca wmmn s wnuinw IS
F, 1 L RSPy T TR P ¥ 1
| e o e e G e R R - |
N .. e e S P . «s LOT
R ear i mlp ary A e L e L - S
TR AN ek PR TR e e R 0

As the carbon, hydrogen and nitrogen are the elements in the
deposit arising from the TNT, this analysis is recalculated eliminat-
ing the contaminating substances, and is as follows:

Per Cent.
e e e i 1.03
e R e L o S e N R o
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In order to determine the nature and the quantity of gases ab-
sorbed by the solid products of combustion, two 400 gram charges
were detonated in the Bichel gage.

M-—2354
P—184g "

Time. Wiater. Time. Water.
D430, s v | oL L 6.6
P Tr e o P 13.0 D A0 s 6.6
T b T R P | 14.0 L E i P 0.0

e | 14.0 T0200 330, cvenenrars 33
SA30. v mane 14.0 O W00, canaannnns 33
SRI0. o walens s an 14.0 O (30 .cansananns 33
BOE00 . v e e e 0.0 02 00, «ounnnenes 33
Bl i 5.0 - S e L X:]
L S s B 6.4 03 W00.ccsnssmnss 1.2
L P o 6.5 0F 30-.cecucsnns L.3
o o Y 6.5 0 00 . cevunacnnns L.3
Lo T e e 6.6 04 30 asarssnnns 1.3

1. After the differential sample of gas had been taken and the ’
pressure in the gage was zero as shown by a water manometer, the
gage was again closed up and readings taken every 3o seconds until
the manometer reading was constant, when the pressure was again
released and the readings repeated. The readings are given in the
preceding table.

2. After the differential sample (a) had been taken for analysis
and the pressure reduced to zero, the gage was again closed up and
readings taken until there was no further increase in the pressure
reading on the water manometer, when a second sample () of gas
was taken and analyzed. The readings on the water manometer
and the analyses of the two samples of gas (a and b) are given in
the following tables on page 222.

In comparing the two gas analyses, it must be kept in mind that
the amount of gas given off by the solid products of combustion was
enough to change the analyses of all the gas remaining in the 15.3
liter gage to the extent given above.

When the gage was opened up, the solids in gage were collected
and treated in a vacuum extraction apparatus to determine the com-
position of the gases still retained by these products. In calculating
the analysis of the gas in the solids, the oxygen present was used as
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M—2334
P—1855

Time. Water, Cm. Time. ‘Wazer, Cm,

D =00 a e | 0.0 IO 04 s 00..c0ivsss I4.T
L G PR | 6.5 04 T30 e vannnes 14.2
523000000 una 8.5 05 00, caunnns 14.5
B30 Lo | 0.0 05 5305 .asaanns 14.5
O g.6 00 00 .o rnrnsn 14.7
53130 s viea] 0.0 08 230, ..iinans 14.0
54:00........ 10.7 OF T 00 hassases 15.0
5430 cnnnann 10.9 - e | 15.0
L4 S e P I1.3 O8O0 e e e I5.2
LA | FEEE e 11.6 Lo il | Y, 15.3
S8 100, . 0. IL.7 D000 T e 154
50130, ccianas 119 e R e | 15.5
57 s o0 i 12.0 0 500 s e nrann 15.6
LR S e 12.2 IO RO T 15.7
5B O0 e 12.4 T 15.8
B30, ia..n 12.8 TR 00 e s 15.9
L1 BHE 12.9 b B 1 PR 1.1
KD B0 o e 13.0 b7 B0 R 6.3

IO 200 00, 2scaans 13.1 £ - | 1f.4
00 E30. .uns s 133 10 100G . 6.6

O 200, .. uass I3.3 IO i 00 .vssavas 7.0
0L :30..000vun 1 13.6 bt 18.5
L R 13-7

0% 30 ccuanns 13.8

0F 200, v orvens 14.0
O 305 s 4.1

Gas Analyses.

a &
Per Cent, Per Cent

e e e e T ) 27
Ll o et e R 0
i it SRR TR S e e R e 570
H e e s 2R 23.3

the basis of determining the air content of the bottle and gases.
This determination showed that each gram of solid products in the
gage, including the iron, copper, tin and sulphur from the support,
electric detonator and cartridge, retained 6.11 cubic centimeters of
gas having a composition of:
Per Cenz.
st o Ly o LS P e 3

b A i B e L L L e R e A R T 1
e e e R R L L .
D e L v w P i n S awy |l
= P e ek e S AR T A ]

T e T AP ey e o R T I TR 7
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A careful examination of the pressure reading on the water
manometer, analysis of the second sample of gas, and the analysis
and amount of gases retained in the solid products shows that the
amount of gas retained by the solid products is not sufficient to have
any important effect on the observed pressure reading or analysis
of the gases.

Our thanks are due to Messrs. W, L. Parker, L. B. Berger and
W. H. Miller for the analyses of the gaseous products; to L. G.
Marsh, Assistant Explosives Chemist, for the analyses of TNT, to
Mr. A. B, Coates and his associates of the Explosives Experiment
Station, and especially to Mr. J. E, Crawshaw, Explosives Testing
Engineer, who, during the enforced absence of one of us owing to
sickness, has taken entire charge of the operations.



THE REEFS OF TUTUILA, SAMOA, IN THEIR RELATION
TO CORAL REEF THEORIES.

By ALFRED GOLDSBOROUGH MAYOR.
(Read April 22, 1920.)

The Island of Tutuila, American Samoa, is purely volcanic, no
elevated limestones having been observed upon it. As has been
shown by Daly the exposed voleanic rock is in most places weath-
ered to its ultimate degree, but this does not apply to the region of °
the southwestern shore between Tafuna and Sail Rock, where a
lava flow occurred in times so recent that its surface still shows a
ropy structure, while sharp-edged cracks and numerous lava cav-
" erns remain open quite as they were at the time of their formation.

The Island is strongly cliffed by the sea, some of these cliffs as
at Round Bluff being fully 300 feet high. After forming these
cliffs the sea level sank so as to expose a platform of hard volcanic
rock which projects from 50 to 250 feet seaward from the foot of
the basaltic promontories. The recent lava flow between Tafuna
and Sail Rock overwhelmed this platform but elsewhere practically
every promontory of the Island shows this old emerged shore-shelf,
and remnants of it appear in numerous places lying off shore within
the bays, such as in Afonu, Vatia, Fagasa, Leone and Pago Pago
harbors, and especially along the south coast between Breaker Point
and Fagaitua Bay. It is also found around the off-lying island of
Aunuu southeast of Tutuila.

The bays of Tutuila are in regions of fragmentary material and
are flanked by ridges of harder rock. Thus the emerged shore
platform has resisted erosion where it is composed of basalt as at
the spur ends, but has largely disappeared within the harbors where
the rocks are generally soft.

A similarly elevated shore-shelf of volcanic rock is found around
the islands of the Manua Group, Ofu, Oloosega and Tau, and also
at Rose Atoll where it is of hard dolomitized limestone bearing

224
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corals. As this shore bench is identical in elevation in these sepa-
rated islands of differing ages and histories, Daly is justified in
the inference that it indicates a relatively recent subsidence of sea
level rather than an elevation of the Islands. Indeed a relatively
recent emergence of about 8 feet above high tide level is shown hy
the Atolls of the Paumotos, and Ellis Groups, as well as by the
islands in Torres Straits, and the southern shore of Papua in the
region of Port Moreshy. It appears also in the Florida Keys and
the Bahamas, and A. Agassiz, 1003, Proc. Royal Soc. London, Vol
71, p. 413, says that “ Throughout the Pacific, the Indian Ocean,
and the West Indies the most positive evidence exists of a moderate
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Fiz 1. Tutvila, American Samoa. Showing fringing reef now growing
around the Island in places where the submarine slopes are not too steep.

recent elevation of the coal reefs.” Indeed Daly records a mod-
erate recent emergence of the land along many thousand miles of
coast line not only in the tropical, but also in colder regions.

In the volcanic islands of American Samoa there are no traces
of elevated coral reefs, or limestones except small fragments thrown
up by volcanic action and imbedded in ejected volcanic ash as at
Aunuu, or in a crater rim south of Logatala Hill, Tutuila, or each
of Faleasau Village on Tau Island. "

No corals or limestones are found imbedded in or resting upon
the emerged shore bench around Tutuila; nor were any ancient
corals tossed up by storms on the beaches of the inner parts of the



226 MAYOR—THE REEFS OF TUTUILA, SAMOA.

ancient harbors although such would have been the case were coral
reefs growing along the shores at the time when this emerged bench
was at sea level. Moreover, in places as at Fagatoga this old shore
bench was partially covered by talus sliding down from the cliffs,
but upon digging this talus away no elevated corals or limestones
were found. We are thus forced to conclude that during the time
when the sea was at its highest level and cut the now emerged
shore-bench, there were no coral reefs growing around Tutuila.

The fringing reef which is now growing outward from the
shores around Tutuila, in places where the slope is not too steep,
is of modern origin. It is 300 to 1,000 feet wide in places where the
underlying volcanic slope is gentle, and is narrow, or absent in
places where the submarine slopes are steep as off the seaward ends
of the basaltic promontories. Thus the reefs now growing out-
ward over the gentle, wave-worn slopes of the drowned valleys are
wider than those off the cliffed promontories at the mouths of the
harbors, and everywhere the width of the reef is a factor of the
steepness of its underlying voleanic substratum.

The fact that narrow reefs are found on steep submarine slopes
and wide ones on gentle slopes was pointed out by Darwin in “ Nat-
uralist’s Voyage around the World,” 1873, p. 472; also A. Agassiz,
1903, Proc. Royal Soc., Vol. 71, p. 414, says that the absence of
coral reefs in the Marquesas Islands is due to the steepness of their
slopes.

Tutuila is very ancient according to Daly, who has made a
survey of its lithology (Year Bock of the Carnegie Institution No.
18, 1919). Indeed it shows clear evidence of considerable subsi-
dence, the harbors of its northern coast such as Fagasa, Vatia,
Afono, Massefau and Aca being typical drowned valleys, while
Pago Pago Harbor, according to Daly, shows characteristics of a
drowned valley but has had a complex history.

W. M. Davis (1018, Bulletin U. S. Geological Survey, p. 523)
observed that the data for the unpublished Hydrographic Office
Chart of Tutuila “reveals the existence of a submerged platiorm
from one to three miles in width and from 30 to 50 or more fathoms
in depth,” and also that * the outer part of the platform is usually
somewhat shallower than at half distance off shore as if a poorly
developed barrier reef enclosed it.”



MAYOR—THE REEFS OF TUTUILA, SAMOA. 227

I find upon contouring this chart (Fig. 2) that it indicates that
Tutuila was once surrounded by a wide barrier reef and that also
a well-developed fringing reef extended out from the shore and
fused in many places with the barrier reef, obliterating the lagoon
between them. This fusion of the two reefs was well seen along
the north coast between Vatia and Maloata, but it occurred also on
the south coast off Cocoanut Point. The lagoon between the bhar-
rier and the fringing reef of the southern coast of Tutuila was in
many places at least 20 fathoms deep; but along the north coast
between Vatia and West Cape it was shallower and was thus largely
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Fic."2. The dotted areas show the ancient barrier and fringing reefs
which once surrounded Tutuila but are not submerged about 100 feet below
gea level

obliterated by the fusion of the fringing reef with the barrier, for
the lagoon between these reefs was in most places not more than 2
to 4 fathoms in depth.

As was suggested by Daly this greater depth of the lagoon along
the southeastern shore indicates that there was an actual subsidence
of the island itself, the southeastern coast sinking more than the
northern shore: At any rate these ancient barrier and § ringing
reefs are now submerged to a depth of about 30 fathoms. As reef-
building corals can grow only sparingly at depths greater than
about 18 to 20 fathoms, these ancient reefs are drowned and in
most places are probably not at present growing upward. In many
parts of the Taema and Nafanua Banks, however, the depth is now
less than 18 fathoms and modern corals are growing in patches in
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such places, but the coral heads are small, and the spaces between
them usually wide. In places where the depth is as great as 8.3
fathoms, corals such as Acropora arcuata are not more than one
foot wide, whereas this species attains a diameter of three or four
feet in water not more than 2 to 4 fathoms in depth.

These ancient reefs of Tutuila may have been drowned too sud-
denly to permit coral growth to maintain them at the surface, or
as seems more probable, conditions may for long periods of time
have been unfavorable for corals, thus permitting a gradual subsi-
dence or a slow rise of sea level to effectively drown the reefs under
a depth too great to permit the renewal of coral growth when con-
ditions became otherwise favorable.

Moreover, we know from observation made at Tortugas, and
from those of Wood Jones at Cocos Keeling that a coral reef once
killed may not renew itself in hali a century. At Tortugas the
Acropora muricata, which constituted wide areas of shallow reef,
were killed by the * dark water” of October, 1878, and even to-day
(1920) it is a rare coral over the flats where once it was the domi-
nant species; and very similar conditions are described by Wood
Jones in his “ Coral and Atolls " for the lagoon of Cocos Keeling.

Moreover, there are many places along the shore of Tutuila as
at Vatia, or near Fagaalu, where corals which once grew upon the
reef flat were torn loose and driven ashore by an unrecorded hurri-
cane which must have occurred more than fifty vears ago, yvet these
reefs have not recovered and are quite smooth and devoid of coral
heads.

It appears that a reef once established can readily maintain itself,
but once it be destroved many years may elapse before corals can
again attain a foothold. Thus on steep slopes if corals which die
or are broken off roll down into water too deep for coral growth, a
reef may be greatly hindered in establishing itself, and thus one may
have the condition seen in the Marquesas Islands where numerous
scattered coral heads are found growing upon the submarine vol-
canic slopes, but they have not vet succeeded in establishing reefs.
Coral reefs can readily form upon relatively flat submerged or sub-
sided platforms but steep slopes are unfavorable for their initiation
and maintenance.
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A study of the submarine slopes of the fringing reefs of Tutuila
was made by casting out an anchor upon the seaward edge of the
reef, and then steaming seaward in the launch keeping the anchor-
line taut and making soundings at distances of 25, 50, 75, 100 feet,
etc., from the edge of the reef. This enabled us to determine the
slopes as shown in Fig. 3, which represents the conditions seen in
various parts of Pago Pago Harbor. The vertical and horizontal
scales are the same in these diagrams. We see that the growing
edge of the reef usually overhangs at sea level, due to the dense
clustering of the rapidly growing Acropora leptocyathus in this
region, and to the fact that when they die these corals are main-
tained in place by the overgrowth of lithothamnion. Under this
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Fic. 3. Submarine slopes off the seaward edges of reef flats of Tutuila.

overhanging edge there is a submarine precipice of usually 5 to 23
feet in depth, beyond which there is a narrow region which is rela-
tively flat, and where corals grow vigorously but cannot reach the
surface, due to the surges of the breakers which fracture their
stems in time of storm. Beyond this lies the seaward slope com-
posed chiefly of loose dead and alive coral fragments, the talus of
the reef, which extends downward at an average angle of about 25"
to 30°, thus being somewhat steeper than the average subaérial
slopes of volcanic islands. As this talus sets itself at an angle of
repose of 25° to 30° it would seem that a slope steeper than this
would be unfaverable for the starting of a coral reef, for whenever
a coral died or was broken off it would roll down the slope ; and new
PROC. AMER. FHIL. 50C., VOL. LIX, O, JULY 22, 1920,
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corals are slow to gain a foothold except in the immediate vicinity
of densely clustered living coral heads.

The inner ends of the bays of Tutuila were partially filled in by
delta-plains when the sea stood higher than at present, but these
have shared in the general emergence of about eight feet, and thus
their swamps were drained, only a few small recent mangrove
swamps being now found as at Massefau, Leone, Vatia, and several
places along the shore of Pago Pago Harbor, as at Aua and Utelei.

During the past fifty years or more, no severe hurricanes have
passed over Tutuila, but there is abundant geologic evidence of their
presence in recent times. Thus the reef flats near the mouth of
Pago Pago Harbor bear many large erratic coral masses which have
been torn off from the edges and tossed up upon the platform of
the reef. One of these fragments at the edge of the reef off the
southern end of Aua village in Pago Pago Harbor is so large that
the Harbor chart records it as “ Coral Block 3 ft." Also at Vatia,
Laulii, and many other places, there are masses of recently broken
coral driven up 1o feet above high tide level and now lying cov-
ered with moss under the dense shade of the largest forest trees
which have grown over them since the hurricane tossed them up
as wreckage upon the desolated shore. In ancient times we see
that Tutuila was partially surrounded by a barrier reef which
had grown upward along the seaward edges of a platform of
marine erosion which had become submerged by the subsidence
of the island itself. Fringing reefs were at the same time grow-
ing outward from the shore and in many places, especially along
the northern coast had fused with the barrier reef. Then due
to a rising of the sea level combined with continued subsidence of
the land mass these old reefs were drowned, and for a long period
we find the island unprotected by any reefs while the sea cliffed the
shores not only at the promontories but well within the drowned.
valleys. Finally the sea level sank about 2o feet below its highest
level and after this, in modern times, a fringing reef began to grow
outward from the shores and has now attained a maximum width
of not over 1,000 feet. Also in modern times coral patches began
to grow upward upon the Taema and Nafanua Banks in places
which were probably islands well above sea level at the time when
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the ancient barrier reef was formed and were thus covered with
less than 20 fathoms of water when reefs began again to grow
around Tutuila. These reef patches have now approached to within
6 or 7 fathoms of the surface in a few places. The average width
of the old drowned barrier reef was quite 2,500 feet, and thus, if
the growth rate of corals has remained unchanged, it probably ex-
isted around the island for a longer time than has sufficed to form
the present fringing reefs of Tutuila. The ancient drowned reefs
around Tutuila indicate that fringing reefs did not become trans-
formed into barrier reefs in the manner postulated in Darwin's
Theory but contemporary fringing reefs grew outward and fused
with the barriers which were formed in situ along the seaward edges
of the submerged platform.

In formulating his subsidence theory of the supposed sequence
of fringing reefs, barrier reefs and atolls, Darwin failed to consider
certain factors which are now well recognized. For example, his
theory, as he advanced it, presupposes subsidence of the land rather
than an elevation of sea level, nor did he consider the effects of
cliffing of shores, the making of platforms of marine planation,
or the drowning of valleys upon which Davis lays constant emphasis.
To his mind coral growth was probably continuous throughout long
periods. Just what relations if any existed between periods of gla-
ciation and periods of poor development of coral reefs is as yet ob-
scure even in the Atlantic. Thus Vaughan (1919, U. 5. National Mu-
seum Bulletin No. 103, p. 226, ete. ; also, 1018, Bull. Geol. Soc. America,
Vol. 29, p. 629) shows that in the West Indian-Florida region there
was a maximum development of coral reefs in the middle Oligocene,
which was a period of maximal submergence in this region, and at
which time the Atlantic and Pacific were connected. In the Mio-
cene and Pliocene only poor reefs were developed, no Pliocene reefs
being known from the West Indian Islands. Later in Pleistocene
and recent times there has been an extensive growth of coral reefs.
According to Vaughan in the Oligocene fifteen genera of corals
found at present only in the Pacific and Indian region were growing
in the West Indies. Such genera were Pocillopora, Pavona, Fa-
vites, Goniopora, Goniastrea, Galaxea, Stylophora, and Alveopora,
and seven others; but they disappeared from the West Indian reefs
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before Pliocene times (Vaughan, T. W., 1917, U. S. Geological Sur-
vey, Professional Papers, 98 T, pp. 355-376). According to Daly,
coral growth was retarded during periods of lowered sea level and
coincide with periods of glaciation when water was taken out of the
oceans to constitute the continental ice sheets; but in Tutuila we
have evidence that at the time of highest ocean level coral reefs did
not grow around the island.

However, Ulrich (1920, Jowrnal Washington Acad. Sci., Vol.
10, pp. 57-78) states that the pressure of an ice sheet may depress
the level of the interior of a continent, and this movement tends to
be compensated by an elevation in the strand-line. Thus the rise
in the continental shelf and of the coastal waters may more than
compensate for the water taken out of the ocean to form the ice
sheet, and there may even be a rise of sea level at a time when con-
tinental land areas are glaciated.

Unfortunately we as yet know practically nothing of the geologic
ages of the ancient elevated reefs of the Pacific and have as yet no
means for ascertaining their relation in time to those of the tropical
Atlantic.

Guppy (18g0, Trans. V' ictoria Institute, Vol. 23, p. 60) held the
opinion that the corals of the Great Barrier reef were growing on
the seaward edges of a submarine plateau, and Andrews (1902,
Proc. Linnean Soc. New South Wales, Part 2, pp. 145—-185) shows
that the submerged continental shelf along the coast of Queensland
extends southward into the temperate regions, and that the more or
less detached coral patches which form the Great Barrier Reef
could not have formed the platform but merely grew here and there
along its seaward edge after the platform was submerged, and con-
ditions became favorable for coral growth. Indeed as I observed
in 1013 the Barrier Reef ceases at the Murray Islands, while the
platform upon which it is growing extends northward to the shores
of New Guinea, but corals cannot grow in this region due to the
mud discharged from the Fly and other great rivers of Papua.
Thus this platform extends both northward and southward beyond
the limits of coral reef growth. Alexander Agassiz held the opin-
ion that the modern reefs of the Pacific were growing unconform-
ally upon the ancient limestone platforms and ledges.
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Vaughan (1914, Journal Washington Acad. Sei., Vol. 4, pp. 26—
34) showed that the platform upon the seaward edges of which the
Florida reef is now growing, extends northward into a region too
cold for coral growth. Moreover, the disconnected coral patches
which rim the seaward edges of the Great Bahama Bank are many
of them growing not at the extreme edge of the bank but at an
appreciable distance inward from its seaward margin. The hard-
rocky floor of this bank is covered with a layer of flocculent cal-
careous mud which when the water is agitated becomes churned into
a milky mass fatal to coral growth Thus coral-heads can very rarely
attain a foothold excepting near the seaward edges of the bank
where pure ocean water in large measure replaces the silt laden
waters of the bank.

In other words, the coral patches which rim the Bahama Bank
have merely grown in modern times near the seaward edges of a
submerged flat, the extraordinarily level character of which can
only be explained by assuming it to have been formed in conformity
with sea level. Only a water-level could be so flat,

Daly’s (1915, Proc. Amer. Acad. Arts and Sci., Vol. 51, pp. 157—
251) opinion that the cooling of tropical seas in glacial epochs had
much to do with determining the relative abundance of corals, has
opened an interesting field for research, but according to Vaughan
(1919, U. 5. National Museum Bulletin No. 109, p. 256), the West
Indian fossil reefs do not support this idea, for corals grew exten-
sively in this region in Pleistocene times.

W. M. Davis, in numerous papers,! has called prominent atten-
tion to the following well-established facts: That under still-stand
conditions, if the land be not surrounded by reefs, the sea will cut
into the cliffs faster than the valleys can be excavated by subaérial
erosion, and thus the streams will cascade into the sea. Then if the
island subsides, or the sea level rises, and drowns the valleys, the
submarine slopes at the spur-ends will be steeper than the slopes of
the submerged sides of the drowned valleys. Also silt will be
largely pocketed at the stream mouths in the inner ends of the
drowned valleys, and will settle to the bottom before it reaches the

1A good résumé is given in Davis, 1919, Trans. New Zealand Inst., Vol.
51, pp. 6-30. .
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shores along which corals are growing. I find, for example, that
the coarse brown bottom mud of the mid-channel line of Pago Pago
Harbor near the inner end of the harbor between Blacklock's Whari
and Pago Pago Stream consists, by weight, of 67 per cent. of vol-
canic material insoluble in hydrochloric acid and 33 per cent. of
calcareous elements composed of shells, Halimeda, etc. At moor-
ing buoy “B” about one third the distance from the inner end to
the mouth of the harbor the bottom mud is finely divided, brown in
color, and 51 per cent. volcanic. At mooring buoy “ C.” however,
which is only 300 meters outward beyond buoy “B,” the bottom
mud is brown-gray in color and contains only 18.5 per cent. of vol-
canic elements. While at the mouth of the harbor the mud is a
finely divided light gray deposit and contains only 6 per cent. of vol-
canic material. Thus the bulk of the volcanic silt is deposited on
the harbor bottom before it goes more than one-third the distance
from the inner end of the harbor to the mouth.

Thus, as Davis shows, coral reefs could form more readily
around an emerged or a still-stand shore-line. Davis is the most
active defender of Darwin’s coral reef theory, yet the sequence of
fringing reefs being converted into barrier reefs through subsi-
dence of the land or by rise of sea level, and finally the conversion
of these barrier reefs into atoll rims has not been proven even ina
single instance, although it is the crux of Darwin's theory. As
Davis admits we have not been able to read the history of the atolls,
for there is no central island whose shore line can be interpreted.

There is on the contrary evidence that barrier reefs have in many
places arisen as barriers along the seaward edges of submerged pla-
teaus and remained such throughout their history, or have fused in
places with fringing reefs which grew contemporaneously outward
from the shores. Thus we have Vaughan's evidence that the old
elevated reef of Florida which now constitutes the islands from
Soldier's Key to the southern end of Big Pine Key is not a mere
elevated part of the limestone platiorm upon which it grew for the
platform is of odlitic formation and contains very few corals.

As has been pointed out by Daly, Darwin's theory does not ex-
plain the nearly uniform depth of about 20 fathoms, and the re-
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markably flat floors, of the bottoms of Pacific lagoons ; whereas such
facts are readily understood if we suppose the ocean level to have
risen about 20 fathoms since glacial times. An obstacle to the gen-
eral acceptance of Daly's theory lies, however, in the fact that if
these level-bottomed submerged banks were formed at a time of
lowered ocean level caused by the withdrawal of water from the
seas to form the polar ice-caps, then the submarine banks of the
tropical Pacific should be submerged to the same depth as those of
the tropical Atlantic, but over the Bahama Banks we find an area
of 27,000 square miles with depths only varying from 2 to 5 fathoms,
instead of 15 to 20 fathoms as in the Pacific atoll lagoons.

On the other hand, the remarkably uniform and relatively nar-
row width of considerably less than a mile shown by the atoll rims
of the Paumotos, Ellis, Gilbert, and Marshall Islands suggests that
these atoll groups are all of about one and the same age, and as we
now know the growth-rate of Pacific corals to be almost twice as
rapid as that of corresponding genera in the Atlantic it would seem
that these atolls could have attained their present stage by growth
commenced. after the close of the last glacial epoch. The living
coral reefs of the Pacific are probably less than 40,000 years old,
and this is strongly suggestive of the validity of Daly's theory in so
far as it applies to the modern reefs of the Pacific. The growth-
rate of Samoan corals is rapid, massive Porites heads growing up-
ward about 18 mm., branched Porites 30 mm., Pocillopora 38 mm.,
and Acropora 55 mm., per annum, Thus a reef of massive Porites
might grow upward 100 feet in 1,600 years. It will be recalled that
Stanley Gardiner estimated that in the Maldives a coral reef might
become 100 feet thick in 1,150 years; and thus our independent esti-
mates are of the same order of magnitude.

Making use of diving apparatus, I have studied the reefs at
depths of 2 to 6 fithoms, and find that when corals die which grew
in depths below the influence of the breakers, they commonly remain
in place and soon became coated with layers of lithothamnion, and
are thus not only preserved as elements of the reef but the stony
mass actually increases in volume, the lithothamnion cementing all
dead elements of the reef into a more or less compact framework
into the interstices of which sand and other fragments soon settle.
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It seems probable that the reefs now living in the Pacific are
structures which have originated in modern times upon submerged
slopes and platforms of marine erosion. Being not more than
40,000 vears old, these reefs have not existed long enough to have
been subjected, except in rare instances, to appreciable subsidence
or elevation of the land masses upon which they have attained a
foothold.

Guyvor Harr,
Prixnceros UNiversity.
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The Church of the Holy Sepulcher in Jerusalem, northwest of
the Dome of the Rock on the site of the Solomonic Temple, is sup-
posed to be built over the tomb in which the body of Christ was
laid by Joseph of Arimathea (OC 34, 184).' This locality would
seem to have been within the walls of Jerusalem at the time of the
Crucifixion (RB 541°; DB 2, 580" 305%; contrast RE?® 7, 40, 28;
EB 2430, 32, ii). But the place of execution was outside the city,
in a conspicuous spot, beside a frequented road leading to one of
the gates, near a garden with a new rock-cut tomb (Mark 15, 29.
40; Heb. 13, 12; Matt. 27, 39; 28, 11; Luke 23, 49; John 19, 20. 41).

The original Church of the Holy Sepulcher was built by Con-
stantine the Great (323-337) who is said to have commissioned
Bishop Macarius of Jerusalem to search for the tomb and the cross.
The bishop reported that the Holy Sepulcher was under the temple
of Aphrodite which, according to later writers, had been built by
Hadrian in 135, Macarius may have been influenced by the desire
to obtain two magnificent Christian churches instead of the pagan
sanctuary of Venus (RB 541*). Similarly the traditional scene of
the Nativity is alleged to have been desecrated during the reign of

1 AJSL = American Journal of Semitic Languages—AS = Anglo-Saxon.
—AV = Authorized Version—BL = Haupt, Biblische Lickeslicder (1907).—
DE = Hastings, Dictionary of the Bible.—EB = Cheyne-Black, Encyclopadia
Biblica.—EB11 = Encyclopadia Britannica, eleventh edition.—JAOQS = Journal
of the American Oriental Society—]JBL =Journal of Biblical Literature—
JHUC =Johns Hopkins University Circulars.—]JSOR =Journal of the So-
ciety of Oriental Research—OC = The Open Court.—OHG = Old High Ger-
man—Pur.— Haupt, Purim- (1906) —REB = Richm-Bxthgen, Hondwirter-
buch des Biblischen Altertums—RE?*=Hauck, Realencyclopidie fiir Pro-

testantische Theologie und Kirche, third edition—ZAT = Zeitschrift fiir die
alttestamentlicke Wissenschoft,
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Hadrian (117-138) by a temple of Adonis; but the inn at Bethle-
hem, where Jesus is said to have been born, must have been near
the road from Jerusalem to Hebron, northwest of Bethlehem, not
in the southeastern corner of the village (Monist, 30, 158, n. 35).

A rock-cut tomb under the Hadrianic temple of Venus was
assumed to be the tomb of Christ. In another cavity of the rock,
280 feet to the east, three crosses were found, which were supposed
to be the crosses on which Christ and the two thieves were crucified.
One of the crosses had miraculous power: a crippled old woman
stretched on it was cured. Constantine built a magnificent church
over the place where the crosses had been discovered, and a smaller
church over the reputed Holy Sepulcher. A hill between the two
churches was supposed to be Mount Golgotha. The Basilica of the
Holy Cross is no longer extant. The Church of the, Holy Sepulcher
was destroyed repeatedly ; the present building was erected in 1810.

The discovery of the Holy Sepulcher and the two churches built
by Constantine are described by the Father of Church History,
Eusebius of Cesarea (c. 260—¢. 340) in his Life of Constantine;
but this biography is untrustworthy. Later writers attribute the
discovery of the Holy Cross to Constantine’s mother, St. Helena,
who was, according to St. Ambrose, an inn-keeper (stabularia; RE?
7, 616, 26). Constantine the Great was the illegitimate son (EB"
16, 988*; RE® 10, 750, 21) of St. Helena and Constantius Chlorus,
the co-regent of Diocletian. In 289 Constantius married Maxi-
mian's step-daughter. In his Life of Constantine, Eusebius also
relates that the emperor saw in the sky at noonday a flaming cross
with the legend 'Ev révre vika (In hoc signo vinces) whereas other
contemporaries state that this sign was seen in a dream. Under
Constantine the cross, which is an ancient pre-Christian symbol, be-
came the emblem of Christianity.

5t. Helena's discovery of the Holy Cross, which is first men-
tioned by Rufinus who died in 410, is commemorated on May 3.
Since 1805 the name of this festival in the Diario Romano is no
longer Invention (Imzensione) of the Holy Cross, but Rediscovery
(Ritrovamento) of the Holy Cross, because according to an older
legend the true cross was found under Tiberius who died in 37 aAD.
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(EB* 7, 506°). St. Helena is said to have found, not only the true
cross, but also the superscription over the head of Jesus on the cross
as well as the nails with which He had been crucified. Constantine
is supposed to have sent a piece of the Holy Cross to Rome where
it is still exhibited in the church of 5. Croce in Gerusalemme on
May 3 as well as on Good Friday and the third Sunday in Lent.
In a vault of this church the superscription on the cross is said to
have been accidentally found in 14g92. If Constantine had sent it
to Rome, it must have been lost sight of for more than a thousand
years. Two of the nails, with which Christ was affixed to the cross,
are reputed to be preserved at Milan and Trier, respectively (ERY
7, 507*). 5St. Helena is supposed to have presented to Trier also
the seamless robe (tunica inconsutilis) of Christ. It was exhibited
in 1891 to two million pilgrims. There are twenty holy seamless
coats, e.g., at Argenteuil near Paris, St. John Lateran at Rome,
etc. (RE? 17, 60, 45).

The authenticity of the site of the Holy Sepulcher has been ques-
tioned from early times, The Father of Biblical Geography,
Edward Robinson, stated (1841) after his researches in Palestine
that the traditional site could not be the true one. A German book-
seller, Jonas Korte, of Altona, who visited Jerusalem in 1738, sug-
gested that Golgotha was west of Jerusalem, near the Mamilla Pool
(JAOS 39, 143, b) which is ¥4 mile northwest of the Jaffa Gate.
In 1842 Otto Thenius, of Dresden, came to the conclusion that the
place of crucifixion was above Jeremiah's Grotto outside the Da-
mascus Gate in the north, and this view of the German Biblicai
critic has been endorsed by Canon Tristram, Dr. Selah Merrill, Gen-
eral Gordon, Col. Conder, etc. (EB' 24, 657°). Three years before
his death at Khartum in 1885 Gen. Gordon spent a year in Palestine,
studying Biblical history and: the antiquities of Jerusalem. An
ancient rock-cut tomb, about 200 yards west of Jeremiah’s Grotto is
sometimes called Gordon's Tomb of Christ. This tomb, however,
seems to be later than the time of the Crucifixion. In 1847 the
author of The History of Architecture, James Ferguson, made
the startling proposal that the Dome of the Rock on the site of the
Solomonic Temple was the church built by Constantine over the
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Holy Sepulcher. But the Dome of the Rock, also misnamed the
Mosque of Omar, was erected by Abd-al-Malik in 691, and the
mosaic map discovered at Medeba in 1896 shows the Church of
the Holy Sepulcher in its present location. This map formed the
floor of a basilica built in the fifth or sixth centuries.

I believe that the Crucifixion took place at the Topheth in the
Valley of Hinnom, south of the Harsith Gate in the southeastern
corner of Jerusalem. This gate was also called Ashpoth Gate
which is generally mistranslated Dung Gate; but Ashpoth is the
Hebrew form of Topheth, i.e, Aram. téfath with the vowels of
bisheth, shame, because the Jews did not pronounce the objection-
able word Topheth, but substituted for it bésheth, shame (JBL 37,
233). In the same way the names of Astarte and Melech, the god
of the Ammonites, appear in the Hebrew BEible as Ashtoreth and
Molech, respectively. Also the name of the valley (now filled up
with rubbish) between the eastern and western hills, which led to
the Topheth in the Valley of Hinnom, was Topheth valley. The
name Tyropaeon (EB™ 15, 332) valley, given by Josephus, is due
to a misunderstanding of the original Hebrew name gé-hash-
shéphiéth, in which shéphéth (ci. Neh. 3, 1 3) is the Hebrew form
of the Aramaic téphdth, Topheth, but it was misinterpreted as
cheeses (Tyropeeon, 7y Tupewodsv means of the cheesemakers) on
the basis of 2 Sam. 17, 29 (EB 3001. 2423, n. 4). According to
Wetzstein (ZAT 3, 276) shéphoth in 2 Sam. 17, 29 denotes thick
cream of cow’s milk (not ewe's milk) in small wooden cylinders
(see cut in RB 1742). In Damascus, cream is called shifd-'l halibs,
top of the milk (¢f. Austrian Obers). The word in 2 Sam, 17, 29
shoiild be spelled with Sin (not Shin).

Topheth (more correctly Téphath, Heb. Shéphdth or Ashpath)
means fire-place, cremator, incinerator. Refuse and rubbish were
deposited there, especially potsherds. Harsith (i.e., potsherd-dump)
corresponds to the Roman Monte Testaccio (Lat. Mons Testaceus)
on the left bank of the Tiber in the southwestern corner of Rome.
This accumulation of potsherds is about 2,500 feet in circumference,
and about 115 feet high. The Mons Testaceus of Jerusalem was
also called Potter’s Field, and afterwards Field of Blood, because
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it was used as a place of public execution in the Roman period ;
cf. the blood-ban of the Fehmic courts on the Red Earth of West-
phalia (EB™ 10, 237*). The two explanations of the name Field
of Blood (Aram. hagdl-déma; AV Aceldama; RV Akeldama) given
in Matt. 27, 8 and Acts 1, 19 represent later legends. Matt. 27, 10
is based on a misinterpretation of a line of the Maccabean poem in
Zech. 11, 13 (misattributed to Jeremiah) where we must read ¢f-
hay-yacdr, into the treasury (Peshita: béth-gdzzi) instead of el-hay-
yigér, to the potter. Heb. yagir, treasury, is a byform of agdr,
from wagar=nmnacar, just as we have in Aramaic: yégdr and dgdr,
heap of stones. The traditional site of Aceldama (see cut RB 232)
is on a level overhanging the Valley of Hinnom on the northeastern
slope of the Hill of Evil Counsel, where Caiaphas is said to have
taken counsel with the chief priests and elders of the people against
Jesus to put Him to death (Matt. 26, 3; 27, 1; John 11, 49). The
soil of this place is supposed to quickly consume dead bodies; 270
shiploads are said to have been taken to form the Cimetero dei
Tedeschi, south of St. Peter’s, in Rome, and 33 to the Campo Santo
in Pisa (DB 1, 50°).

The Targum uses qilgilta (= Syr. qiqdltd) for Heb. ashpdth
(1 Sam. 2, 18; Ps. 113, 7) or harsith (Jer. 19, 2). This is the
original form of the name Golgotha which represents a simplified
pronunciation of golgdltd, just as we say fugleman for flugleman
= German Fliigelmann. In Syriac we find Gdgdltd instead of Gol-
gotha. This name is interpreted as The Skull (Aram. gulgilia,
Heb. gulgdlth, Arab. gilgalatun, now pronounced jdljalah). Ac-
cording to a pre-Christian legend, which we find e.g., in the Ethiopic
Synaxaria, Noah sent his son Shem (accompanied by Melchizedek ;
¢f. JOSR 2, 79) to bury the body of Adam in the center of the
earth which is Calvary (Ethiop. Qardnyé; Dillm. Chrest. 16). Lat.
calvaria means skull, brain-pan. During the Crucifixion the blood
of Christ trickled down on the body of Adam and restored him to
life (DB 2, 226*). The skull and the bones at the base of a crucifix
represent the skull and the bones of Adam (RE® 7, 52, 25). St
Augustine says, The physician was raised over the patient (RB 540,
* *). Some think that the.name Golgotha was derived from the
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round and skull-like contours of the place. The eminence above the
Grotto of Jeremiah, not far from the Damascus Gate in the north,
has a strong resemblance to a skull. Others believed that the site
of the Crucifixion received this name because it was full of skulls.
The Jews did not crucify persons alive, and even when they gibbeted
criminals after their execution, they interred them by nightfall, so
that there could be no accumulation of skulls and dead bones; but
the Romans allowed the bodies of crucified malefactors to decay on
the cross. Horace (Ep. 1, 16, 48) says: Nom pasces in cruce
corves; cf. Byron's ravenstone — German Rabenstein (stein=rock,
eminence, hill). Golgotha may be the prototype of our gallows
(AS gealga, OHG galgo, Goth. galga) which denotes originally the
cross on which Christ was crucified, so that Mount Golgotha cor-
responds in some respects to our Gallows Hill (German Galgen-
berg). The cross was the Roman gallows. Gallows is generally
identified with Lithuanian Zalga, pole, Lat. pertica. The gallows at
Montfaucon near Paris had pits beneath, into which the bodies fell
after disarticulation by exposure to the weather (EB* 11, 422).
After the massacre of St. Bartholomew on August 24, 1572, the
beheaded body of Coligny was gibbeted for several days at Mont-
faucon (RE® 4, 227, 1). The bodies suspended on gibbets were
often smeared with pitch to prevent too rapid decomposition.

After the fall of Jerusalem in 70 ap. Titus is said to have
crucified so many Jews that there was neither timber for the crosses
nor place to set them up (DB 1, 528°). The upright stake of the
cross was firmly planted in the ground and remained there as a
permanent fixture (RE® 11, 91, 38). The condemned criminal
carried only the crosspiece or transverse beam (Lat. patibulum) to
the place of execution (RE® 11,91, 31; DB 1, 528°). The upright
stake was not more than nine feet high; the feet of the crucified
malefactor were but slightly elevated above the ground (Pur. 6,
24; BL 102, *). The Romans may have called the accumulation
of potsherds and other rubbish, which was used as a place of
execution, Mons Testacens, and this may afterwards have been
interpreted to mean Mound of Skulls, because Lat. festa means both
potsherd and skull, so that Golgotha (= Aram. gulgiiltd) instead of
the original gilgitd would represent a popular etymology which was
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favored by the fact that the Semitic g is often pronounced as g;
even k may become g under the influence of an I, r, or n: Assyr.
Tukulti-pal-esharra appear in the Old Testament as Tiglath-pileser
(JBL 36, 141, n. 3) and Sharru-kénu as Sargon; the Hebrew name
of the Sea of Galilee, Chinnereth (Josh. 13, 27; OC 23, 199) became
Gennereth, and with transposition and s instead of th: Genneser or,
with & instead of ¢ owing to the final r, Gennesar (1 Mac. 11, 67).

The correct translation of the Hebrew name Sha'r Ashpoth is
not Dung Gate, but Topheth Gate (JBL 37, 233). The other name
of this gate, Harsith Gate (Jer. 19, 2) is mistranslated in AV:
East Gate, and in the margin: Sun Gate; RV retains the Hebrew
word: the gate Harsith, but adds in the margin: the gaote of pot-
sherds. In certain parts of England shard is used not only for pot-
sherd, but also for dung, ordure. St. Jerome describes Topheth as a
pleasant spot in the Valley of Hinnom with trees and gardens
watered from Siloam, i.e., in the gardens below Siloam at the junc-
tion of the Valleys of Hinnom and Kidron (DB 2z, 386~ 387; 4,
798%, below).

Both Hinnom and Kidron mean resting-place: Heb. hinném is
the infinitive of the reflexive-passive stem of niim, to slumber, and
gidron is a transposition of rigdém, from ragad which means in
Arabic to sleep. Arab. rdgdah denotes the time between death and
resurrection ; mdrgad signifies resting-place, grave. The Valley of
Hinnom and the Kidron ravine seem to have been ancient burial-
grounds. The Greek Bible has for the Valley of Hinnom the term
polydndrion, a burial place for many, and according to Jer. 31, 40,
not only dead bodies were deposited there, but also offal (JBL 38,
45). Heb. gé-hinném, the valley of Hinnom, is the prototype of
Gehenna.  According to 2 Kings 23, 6 the graves of the children of
the people (i.c., the common people) were in the Kidron valley. In
the pre-Exilic period heathen images and altars were repeatedly
cast into the Kidron valley and burned there. The flaming pyres
with the dead bodies of the apostate Jews, on which the Maccabees
feasted their eyes when they went to worship Jave in the Temple,
were in the Kidron valley between the Temple and Mount Oljvet.
There were plenty of corpses to feed the worms and the fires, so
their worm died not, and their fire was not quenched (JHUC, No.
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306, p. 13). The last two verses of the Book of Isaiah represent
an appendix which was added about 153 B.c. (AJSL 19, 135). The
Kidron valley is also called the Valley of Jehoshaphat (JAOS 34
412). The Jews as well as the Christians and the Mohammedans
of Palestine believe that the Last Judgment will be held in the
Kidron valley, and it is the dearest wish of every Jew to find a
grave there. The whole of the left bank of the Kidron opposite
the Temple area is covered with the white tomb-stones of the Jews
(EB 2662). Some Jewish teachers believe that the bodies of the
righteous will roll back under the ground to Palestine to obtain a
share in the resurrection preceding the Messiah's reign on earth
(DB 2, 562). The two valleys have often been confounded: e.g.,
the great Moslem traveler Ibn Batiitah (1204-1378) says that the
valley of Gehenna was east of Jerusalem.

Golgotha is identical with Topheth in the Valley of Hinnom,
south of the Harsith Gate in the southeastern corner of Jerusalem.
It was a rubbish-heap like the Roman Monte Testaccio, formed of
potsherds and other refusef® It was therefore known also as
Potter’s Field, and afterwards it was called Field of Blood, because
it was used by the Romans as a place of public execution. The
original form of Golgotha was gilgiltd, refuse. The form Golgotha,
_which is also the prototype of our gallows, represents a popular
etymology. The Romans may have called the Harsith Mons Testa-
ceus, and since testa means both potsherd and skull, this name may
have been interpreted as Place of Skulls. After the Harsith had
been used by the Romans as the place of crucifixion for a number
of vears, skulls may have been more in evidence there than pot-
sherds. Jeremy Taylor, whose Life of Christ was published in 1649,
calls the scene of the greatest event in Jerusalem’s history a hill of
death and dead bones, impure and polluted (EB 1753). The Mo-
hammedans sometimes give the Church of the Holy Sepulcher the
nickname Kanisat-al-Qumamah, Church of Rubbish (RB 540*) in-
stead of Kanisat-al-Qiyimak, Church of the Resurrection.

2In Corfu the people at a given signal on Easter Eve throw vast quanti-
ties of crockery from their windows and roofs into the streets. This is inter-

preted as an imaginary stoning of Judas Iscariot. Descendants of the traitor
were supposed to be among the Jews of Corfu (EB15, 536%).



THE HIGH VOLTAGE CORONA IN AIR.
By J. B. WHITEHEAD, Pr.D.
{Read April 24, 1920.)

Atmospheric air is an extremely good electric insulator. It has
low specific inductive capacity, very low conductivity, and a rela-
tively high electric strength, or ability to withstand breakdown or
spark-over between high voltage terminals. The name “corona "
has been given to the continuous partial breakdown of air sub-
jected to electric strain, and it always appears as a glow or brush
discharge confined to one or both high voltage terminals with a
region of unbroken air in between.

When voltage is applied to a pair of parallel plates in air and
slowly raised, the air withstands the strain up to a definite value of
voltage and then breaks down completely with a heavy sparkover
or arc between the plates. (See Fig. 1.) In this case the electric
field intensity or the number of volts per centimeter is uniform
throughout the region between the plates, being equal to the voltage
applied divided by the distance between them. The electric in-
tensity at which breakdown occurs in the air at normal atmospheric
pressure is about 32 kilovolts per centimeter. If needle points are
used, or a hollow cylinder and a wire on its axis, instead of the
parallel plates, a quite different behavior of the air appears. On
raising the voltage the-air breaks down in the form of a brush or
glow discharge immediately around the needle points and at the
surface of the central wire, but the breakdown is limited to a small
distance and there is no sparkover or complete rupture until a
much higher value of voltage is reached.

The interest in the cases of the points and the central rod and
cylinder lies in the fact that the electric field or voltage gradient is
not uniform over the distance between terminals, being highest at
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the surface of the conductor and more so the smaller its radius of
curvature, and also in that the value of electric intensity at which
corona first appears may be much higher than 32 kilovolts per cen-
timeter. In fact in these cases values of electric intensity higher
than 32 kilovolts per centimeter are reached with no resulting
evidence of breakdown or brush discharge. -

Evidently we are here in the presence of a striking property of
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Fic. 1. Spark and Corona.

the air showing a definite influence of the volume of air subjected to
electric strain on the intensity at which initial breakdown takes place.
It would appear that here is a splendid opportunity for further
study of the molecular and atomic structure of the air. The phe-
nomena are extremely definite and constant in the case of the
central wire and cylinder, and all of the conditions are susceptible
of accurate measurement. However the physicist appears not to
be interested in the electric properties of air at pressures in the
neighborhood of that of the atmosphere. Professor J. T. Town-
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send has proposed an interesting explanation of the fundamental
law of corona formation in terms of the theory of ionization by col-
lision, but this theory is based entirely on experiments at very low
pressures, quite outside the range in which the first definitely marked
corona phenomena lie. So far as the writer is aware, Townsend's
is the only attempt to codrdinate corona phenomena with modern
physical theory.

In two particular aspects the corona presents difficulties for the
electreial engineer: first, the presence of corona is always accom-
panied by a loss or waste of energy; and second, in the presence of
corona insulation deteriorates rapidly and the insulating properties
of the neighboring air are lowered. In either case the probability of
sparkover and shortcircuit is greatly increased.

The energy loss attendant upon corona introduces important
limitations in the design of long distance electric transmission lines.
The voltage of such lines is made high in order to reduce the
magnitude of the current to be carried, and therefore the size of the
conductors, the cost of the conductors being a principal item in the
total cost of the transmission line. The tendency therefore is to
higher and higher values of voltage. As the voltage is increased,
however, the corona forming point is reached, and in order to pre-
vent the presence of corona the distance between the transmission
wires must be increased. -

It is especially important to keep the voltage well below the
corona forming value, for above it the loss increases very rapidly.
According to F. W. Peek, from measurements made on a section of
a modern transmission line, the power loss may be expressed

w==~kf(e—e,)* (1)

where w is in watts, f is the frequency, ¢ is the maximum value of
the voltage and e, the voltage at which corona first begins; that is
to say, the loss increases with the square of the excess of voltage
above the corona forming value, (See Fig. 2.)

The above formula applies to alternating voltage. No complete
study has been made of the loss at continuous voltage, probably
becaunse little use is made of high continuous voltage in the field of
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electrical engineering. It has not yvet been determined definitely
that the law as proposed by Peek is the correct one. The results of
R. D. Mershon, one of the earliest observers and workers in this
field, on an experimental line at Niagara Falls, are distinctly at
variance with the results of Peek, as are those of Jakobsen on an
operating transmission line in Peru. On the other hand, the ob-
servations of Faccioli in Colorado, and Harding on an experimental
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line at Purdue University, give results in good agreement with
Peek’s formula. The difficulty appears to be that the formula does
not give correct values for voltages only slightly in excess of the
initial corona forming value, the explanation being that surface
irregularities and atmospheric deposits of various descriptions on
the surface of the wire result in partial corona formation at values
below those which would obtain for a perfectly round clean wire.
As the voltage is pushed above the corona forming wvalue, these
initial losses become relatively small and the rising curve showing
the relation between loss and voltage gradually merges into the true
curve for a smooth wire. The law as announced by Peek is based
on the upper region of this curve. (See Fig. 2.)
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No explanation has been offered for the foregoing law, nor does
an obvious explanatioin suggest itself. It is not difficult, however,
to see that the loss should increase sharply above the critical voltage.
Corona first begins when the maximum of the alternating voltage
reaches a definite value, which, in the case of a smooth round wire,
is very sharply marked. Above this value corona starts on each
half wave at this same definite value, whatever the maximum value
of the voltage wave may be, and on the descending half wave
corona ceases at about the same value or very little below it.
Corona is thus periodic and with increasing voltage occupies a
larger and larger area at the top of successive half waves of alter-
nating voltage. (See Fig. 3.) In the neighborhood of the critical
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corona forming value, when corona is limited to a short interval at
the crest of the wave, the loss will evidently be proportional to the
frequency since the number of breakdowns per second increase with
the frequency. However, with increasing voltage the aggregate
time during which the corona actually exists becomes more and
more nearly equal for all frequencies. As to the influence of
voltage, with increasing voltage the volume of corona increases,
and since this means increased ionization and conductivity of the
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air, the current also increases. The power loss being the product
of voltage and the current increasing with the excess of voltage
above a certain critical value, we should therefore expect the loss
to increase as some power of the voltage higher than the first but
that it should be as the second power of the excess voltage in not
evident. :

Further studies of the nature-of the power loss and of the
exact law governing it are greatly needed. It seems probable that
the observations which have already been made on transmission lines
are about as satisfactory as can be obtained in this way. Sinee it is
important to adopt a voltage well below that at which corona forms,
and since the values at which corona will start on clean wires are
now accurately known, it does not appear likely that transmission
engineers will go very far in further investigation. There is here,
however, again an admirable opportunity for laboratory study.

It will be seen therefore that it is important to know accurately
the laws connecting the physical constants of an electric circuit and
the voltage at which corona begins. A number of experimental
studies of this question have been made and some of the earlier of
these were reported to this society by the present writer several
years ago. Since then the law of corona formation has been well
established and it is the purpose of this paper to give the results
of some of the more accurate measurements. These measurements
have been made with the assistance of an instrument in which the
otherwise troublesome corona pheonmena have been turned to use-
ful account as a means for the accurate measurement of high alter-
nating voltage. The accurate measurements referred to were made
on this instrument, which is called the * corona voltmeter.”

The Corona Voltmeter.—The corona voltmeter makes use of the
fact that corona forms on a clean round wire in air at a sharply
marked definite value of voltage, dependent in a simple relation on
the density of the air. The range of the instrument is extended
to wide limits by enclosing the wire and cylinder and varying the
density of the air.

The essential elements of the instrument are a central rod, or
wire, on which corona forms, another concentric cylinder forming
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the opposite terminal, an outer air-tight containing case in which
the air pressure may be varied, and convenient means for determin-
ing accurately the first appearance of corona. All of these features
are indicated in diagrammatical form in Fig. 4.

% In Fig. 4 A is the central wire, or rod. B is the concentric

e —
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cylinder forming the opposite terminal which is connected to
ground; C is the outer air-tight containing case with air pressure
control at the pump P; and E is a high voltage insulating bushing
for connecting the source of high potential N to the corona rod 4 ;
H is a porcelain insulator maintaining the lower end of A4 in fixed
position.

Two simple methods have been developed for detecting the
initial appearance of corona as the voltage on A is slowly raised.
The first of these makes use of the fact that the presence of corona
sets up a copious state of ionization. The cylinder B is therefore
perforated, and just outside cylinder B a continuous surrounding
cylinder F is placed, carefully insulated from B. Connection is
made to this outer cylinder through the galvanometer G, either
directly to ground or with a continuous electromotive force in series.
At the first beginnings of corona the air between cylinders B and F
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is ionized and therefore becomes conducting, resulting in a sharp
deflection of the galvanometer G,. Fig. 5 is a series of curves show-
ing how sharply the galvanometer deflection occurs as related to
corona voltage,

The corona has an audible sound even in the open. When the
corona wire is enclosed, as in the corona voltmeter, this sound is
gathered and intensified. At atmospheric pressure the ear placed
at a small opening in the case C will detect the very first appear-
ance of corona, which will be very sharply marked. In order that
the sound may be utilized, when the pressure is of value other than
that of the atmosphere, a telephone transmitter is included inside
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the casing connected with the receiver outside, as shown at T, Fig.
4. The telephone gives a clear note on the first appearance of
corona and the indications of telephone and galvanometer are
exactly contemporaneous, as indicated in Fig. 5.

In order to calibrate the instrument and thus determine ac-
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curately the law of corona formation, it is necessary to be able to
measure accurately the value of voltage applied to its terminals and
to determine accurately the first appearance of corona. The instru-
ment, as indicated in Fig. 4, is in fact the result of a long series of
experimental studies of corona formation and the gradual develop-
ment of methods of controlling and determining all the factors
which enter. It has been known from the beginning of these studies
that corona forming voltage gradient depends on the diameter of
the wire and on the density of the air, no other factors entering.
Moisture content of the air, for example, has no influence on corona
forming intensity. A possible exception is the frequency of the
alternating voltage which appears to have a very small influence,
too small, however, to be of importance within the commercial range
of frequency. The instrument therefore provides means for ob-
serving the pressure and temperature at P and J, and also means
not indicated in Fig. 4 for removing the central rod 4 so that
another of different diameter may be substituted.

The method of measuring the applied voltage is also indicated in
Fig. 4. It consists of connecting an air condenser M, of known
capacity, in parallel with the conora voltmeter and of measuring
the charging current of this capacity. This charging current is a
direct measure of the maximum value of the alternating voltage in
terms of the capacity of the condenser and the frequency of the
generator 0.

The alternating charging current is connected to earth by the
divided circuit R,K, and R.K,. R, and E. are noninductive resist-
ances and K, and K, are rectifying Fleming valves passing the posi-
tive and negative half waves respectively. R, therefore carries a
pulsating unidirectional current, the average value of which may be
measured on the calibrated d'Arsonval galvanometer ,. The im-
pedence of the R,K,—R.K, circuit is negligible compared with
that of the condenser M. In order to withstand the high voltages
used, and that it might have no loss, an air condenser was used al
M. The condenser was of cylindrical type with flaring guardrings,
as shown in the photograph, Fig. 6. The cylinders were made
from cast iron water pipes, the diameters of the inner and outer
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members being 29.5 cms. and 49.3 cms., respectively, and the length
of the central section of the outside member 76.2 cm, The capacity
of the condenser as measured was 8.28 ¥ 1067** microfarads.

In making observations the voltage of the generator O was
slowly raised and at the instant corona appeared, as indicated by the

galvanometer (. and telephone T, the galvanometer (7, reading the

Fic. 6. Air Condenser,

condenser charging current was read, and at the same time the
temperature and pressure at J and P. The frequency was also
accurately measured by comparison with a standard tuning fork.
The reading of the calibrated galvanometer (, gives the charging
current of the air condenser M which, with the frequency, leads to
the maximum value of the alternating electromotive force corre-
sponding to corona formation. It only remains therefore to connect
this critical value of voltage with the conditions as to temperature
and pressure to arrive at the law of corona formation.

The form of the relation between voltage, temperature and
pressure and the diameter of the corona forming wire, as agreed
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upon by several observers in recent years, is usually stated in the
form

B
=A% +—}.
e (j w’a_r) (2)

in which E is the critical or corona forming voltage gradent at the
surface of the wire expressed in kilovolts per centimeter, r iz the
radius of the wire in centimeters, and 8 the relative density of the
air, having the value

_392P

8 =263 +1' (3)

p being the pressure is centimeters of mercury, and t the tempera-
ture in degrees Centigrade.
A more convenient form of the relation for our purpose is

—m 4 4=, {;4}
Nar

which gives a linear relation of E3 and 1/V/38r.

The above relatively simple relations have now been corroborated
by a number of observers with fairly close agreement as to the value
of A and B. The form of the law is the same for both continuous
voltages and crest values of alternating voltages. With continuous
voltage, however, there are appreciable differences in the wvalues
of the constants 4 and B as between positive and negative corona
forming wire, the form of the law in each case remaining the same.

No attempt will be made in this place to give a complete review
of the large number of observations which have been taken on ten
different sizes of corona forming rod under wide variations of rela-
tive density 8. Table 1, however, gives several sets of readings and
indicates, particularly in columns 7 and &, the accuracy with which
the observations repeat themselves. Column g gives the readings of
- galvanometer G, measuring the condenser charging current, and
column I4 is the reading of an ordinary alternating voltmeter con-
nected to the low voltage terminals of the high voltage transformer.
The readings of this voltmeter were not used in the calculations, but
its indications provided at all times a convenient means for de-
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termining the constancy of circuit and other experimental condi-
tions. The observations were all collected in groups corresponding
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to approximately the same values of 3 for each particular size of
corona rod, and the values of E/8 and 1/V38r were calculated in
each case. Obviously E, the value of the surface electric intensity
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on the corona forming rod, is obtained from the measured walue
of the voltage and the dimensions of corona rod and outer cylinder
B (Fig. 4). As these results were obtained they were plotted, and
Fig. 7 shows the resulting relative location of the points. The
equations of the straight lines were obtained by a method of
analysis proposed by Steinmetz for deriving from a series of ex-
perimental values the most probable equation.

It will be seen that there is a linear relation between E/8 and
1/V/8r, but that there are two such relations resulting in two

TABLE 1,
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straight lines of different slopes, these lines intersecting at the value
=2 (s)
Vir <t =
In other words the law of corona must be expressed by two equa-
tions, one for values of 1//8r below 2.3, this equation being
9.93

E
7= 298 -1'_"'—:,’—r (6)
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and the other for values of 1/V/8r above 2.26, the equation in this
case being *

= 8.56
E = 32.96 + S (7)

The sharp change in the slope of the linear relation between E/8
and 1/1/3r finds its explanation in the fact noted above as to the
difference of behavior as regards corona formation between positive
and negative corona forming wires, or rods. As has already been
stated, the form of the law is the same for both positive and nega-
tive rods, but the constants of formula (2) are different. This 1=
equivalent to saying that for values of 1/V3r below 2.26 negative
corona appears first and the law is as given by formula (6). For
values of 1/V/8r above 2.26 positive corona appears first and the law
is as given by formula (7).

All of the measurements leading to these results were made in
terms of laboratory standards and by use of the best awvailable
equipment and experimental methods. No account is given here
of the various experimental difficulties, precautions and calibrations,
a complete account of these being given in a forthcoming paper in
the Journal of the American Institute of Electrical Engineers, May,
1920. The conditions of accuracy are discussed there and show
that the foregoing formule are probably accurate within an ex-
perimental error of considerably better than 4 per cent.

Considered as an instrument for measurement of voltage, it will
be noted from Table 1 how definitely the readings repeat them-
selves. The law of corona, having been determined by the accurate
methods outlined above, the corona voltmeter may therefore be
used itself as an instrument for the direct measurement of voltage,
in fact its calibration is inherent in its dimensions and it becomes
a natural secondary standard.

Fig. 8 shows the exterior of a corona voltmeter suitable for
measurements of voltage up to 200,000 volts. The accurate meas-
urements referred to above were made with this instrument. It is
g ft. 10 in. high, of which 3 ft. is in the insulating terminal. The
outside diameter is 1 ft. 10 in. An instrument suitable for voltages
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up to 300,000 volts and above is now under construction and will
shortly be put into operation by a well-known hydro-electric power
company.

In operation the corona voltmeter may be used in tyo Ways.
First, it may be set for any desired value of voltage by adjustment
of pressure in the instrument. In order to do this the temperature

S
A
-
Bl
o

Fic. 8. Corona Voltmeter for 200,000 volts.

of the air in the instrument is read and the value of the pressure
for any desired value of voltage may then he computed from
formule 3, 6 and 7. Ordinarily this will be done through refer-
ence either to a curve or a table prepared from the formula. The
pressure having been set at the proper value the voltage is then
slowly raised until corona appears. This is the more common
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method, as the instrument is chiefly of value in the testing of high
voltage apparatus, such as transformers and insulators, in which
case it is desirable to apply a definite test voltage as determined by
the rating of the apparatus in question.

Second, the corona voltmeter may also be used for measuring
an unknown voltage by adjusting the pressure for a value of voltage
known to be higher than that to be measured and then gradually
lowering the pressure until corona appears.

The instrument as illustrated in Fig. 8 provides a ready means
for removing the corona rod either for cleaning or for the sub-
stitution of one of a different diameter. A clean rod may be used
for many hundred observations without deterioration of its surface.

The corona voltmeter offers many important advantages over
existing methods of measuring high voltage. The only other
method of direct measurement available is that of the sphere gap
or spark between metal spheres. This method is subject to serigus
error due to the proximity of surrounding objects, and has a dif-
ferent calibration curve for the cases of one sphere grounded and
both spheres insulated. It also has the serious disadvantage that it
necessitates a spark discharge across the circuit and that the high
voltage terminals must be manipulated for each new adjustment.
The casing of the corona voltmeter is grounded at all times, and
provides a complete efectrostatic screening making the instrument
free from all types of outside disturbance. It causes no discharge
and draws no current from the high voltage terminals. Changes of
setting to meet new values of voltage are accomplished merely by
changing the air pressure in the instrument. A number of lesser
advantages need not be enumerated here.

Laposatory oF ELecTRicAL ENGINEERING,
Jomxs Hoprixs UNIVERSITY.



A NEW THEORY OF PDLYI;IESIHN ORIGINS.

By ROLAND B. DIXON, Pu.D.
(Read April 22, 1920.)

The problem of the origin and racial affiliations of the Poly-
nesian peoples has engaged the attention of anthropologists for
many years. Struck by their contrast with the black-skinned and
lower cultured populations of Melanesia and Australia, even the
earlier explorers began to speculate as to the provenance of this
attractive and interesting people, and suggestions of an affiliation
with the Malayan peoples of Indonesia were soon made. The
recognition of the linguistic relationship of the various Polynesian
languages to the Malay helped greatly to strengthen this view, and
when the Micronesian and many of the Melanesian languages were
also found to belong to the Malayo-Polynesian family, the founda- -
tions of the current theory of Polynesian. origins were laid. This
theory accounts for the Polynesian people as a branch of the Malay
which, breaking away from the parent stock, migrated eastward
through Melanesia to the islands further out in the Pacific. The
study of the physical types among the Polynesians and of their cul-
ture seemed to fortify this general conception. Such Melanesian
features as were recognized came to be regarded as due to accul-
turation and mixture with Melanesian peoples in the course of the
eastward migration, for the Polynesians were usually held to have
been the first occupants of the islands in which they were found.
The hypothesis of an earlier stratum of Melanesians throughout the
Polynesian area was indeed advanced, but in general met with little
approval.

As further studies were made on the physical side, it began to
be seen that the Polynesians were really far from being a uniform
type. The presence of several types was recognized, and various
explanations offered to account for the diversity. Some regarded

261

FROC, AMER. FHIL. 50C,, ¥0L. LIX; @, AUGUST 20, 1920,



262 DIXON—A NEW THEORY OF POLYNESIAN ORIGINS.

these differences as due to social and economic causes, others as the
result of different waves of immigrants. For the most part the
investigators confined their attention to portions of the field only,
studying the Hawaiians or the Maoti for example, rather than in-
cluding all of the Polynesian peoples; and largely relied, further-
more, on averages of measurements and indices for their results.
In consequence the situation remained obscure, correlation between
different portions of the Polynesian area, and between it and the
rest of Oceania was difficult, and while the whole problem was
seen to be growing in complexity, no satisfactory general theory was
possible,

Having for many years been greatly interested in the whole
question of the origins and development of the Oceanic peoples, and
having on the basis of existing data, attempted most unsatisfactorily
to explain the whole matter to students, the author finally came to
the conclusion that only by a revision and reinvestigation of all
available data, on somewhat different lines, could the muddle be
cleared up. Accordingly, all accessible measurements, not only of
Polynesians but of all the people of Oceania together with those of
southeastern Asia, were gathered together and analyzed on what,
at least for this area, was a novel plan. The final results of the
whole study are not yet complete, but the analysis of the Polynesian
data has led to such unexpected and interesting, yet at the same time
logical and coherent results, that their brief presentation seemed
desirable.

Before outlining the conclusions reached, a few words must be
said as to the method employed. For the most part in previous
studies, attention has been mainly directed to the cephalic index, or
if other indices and measurements were considered, little or no
attempt was made to study the correlation of these indices in
individual skulls. In the present investigation, a correlation was
made for the cephalic, length-height and nasal indices, with the addi-
tion of the facial index where it was available. Thus the accessible
series of Hawaiian crania was analyzed into groups, one compris-
ing all skulls that were for instance Dolichocephalic and at the same
time Hypsicephalic and Platyrrhine, another including all that were
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Brachycephalic, Hypsicephalic and Platyrrhine; or Mesocephalic,
Orthocephalic and Leptorrhine, etc. The assumption was then
made (and it was in the beginning a pure assumption) that those
groups whose indices were all extremes either at one end or the
other of their several series, constituted primitive or fundamental
types; while those having one or more of their indices medial in
value, were the results of the crossing or blending of the funda-
mental types. Thus the Dolichocephalic, Hypsicephalic, Platyrrhine
group was a fundamental or primitive one, for all three of the in-
dices correlated lay at one extreme or the other of their series : while
the Mesocephalic, Orthocephalic, Mesorrhine group (to take the
most pronounced example) would be regarded as a blend or deriva-
tive type, since its indices in every case, lay half way between the
extremes of their series.

The relative proportions of these various fundamental and de-
rived or blended types were then calculated for all of the different
island groups in Polynesia—and at once results of much interest
became apparent. For in one portion of Polynesia one fundamental
type was seen to be dominant, while in another a different one
assumed the leading place, and the blends or derived types in each
area were found to be clearly explicable as resulting from the fusion
of just those fundamental types which were actually present, or
whose former presence could logically be assumed. The complexity
of the Polynesian population was thus confirmed, but in place of
the previous confusion, a rather remarkable degree of order was
found to exist, while at the same time the causes of the complexity
were revealed in the fusion of the fundamental types present in
varying proportions in different parts of the Polynesian area.
When, moreover, the same methods of analysis were applied to the
data from Melanesia, Micronesia, Australia and Indonesia, and
carried on into the eastern portion of the Asiatic continent, it was
found that these same fundamental types and their derivatives and
no others, made up the population of the vast majority of the popu-
lation of this whole great area, although the different elements were
combined in very different proportions in the various parts of the
field. By viewing the problem whole in this way, the conviction
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grew that the racial history of the Oceanic area could be logically

_and satisfactorily explained by a series of waves of fundamental or

derived types spreading from west to east throughout the whole
area. The theory of a series of successive waves bringing different
physical types into Oceania is, of course in no sense new, the novelty
of the present results lies in the character and ultimate affiliations
of the fundamental types assumed.

We may now turn to the outcome of this present study, so far as
it relates to Polynesia. The underlying and probably historically
the oldest of the fundamental types in Polynesia is one which, so far
as crania alone are concerned, is practically identical with that of
the Negrito. This result was so unexpected that at first it was
believed that some error had been made; for that a relatively fair,
tall people such as the Polynesians, with normally wavy hair, should
comprise a substantial factor comparable with the dwarfish, black-
skinned and woolly-haired aborigines of the Philippines and the
Malay Peninsula, seemed most improbable. Further examination,
however, showed that not only was the Brachycephalic, Hypsi-
cephalic, Platyrrhine group in Polynesia the exact equivalent of that
which characterized the Negrito in the three correllated indices
together with the facial index, but also in the absolute measure-
ments of the head, face and nose as well as in capacity. The
identification, therefore, had to be accepted. The geographical dis-
tribution of this Negrito type as it may tentatively be called, is
significant, but at the same time puzzling, for it survives in any
strength only in the Hawaiian Islands, and there seems concen-
trated in Kauai, the northernmost of the group. The influence of
this type in derivative forms, may be traced in most of the other
marginal groups in the east and south of Polynesia, but, on the
basis of our very scanty data from Tonga and Samoa, seems to
be absent in the west.

Second in historical sequence probably, is the Dolichocephalic,
Hypsicephalic, Platyrrhine type, whose proximate affiliations lie
with the negroid population of Melanesia and Australia. That
some element of Melanesian character had entered into the Poly-
nesian complex has long been recognized but has usually been ex-
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plained as due to the absorption of a certain amount of Melanesian
blood by the Polynesian ancestors, in the course of their migration
through or along the margin of Melanesia. The geographic dis-
tribution of crania of this type, as shown by the present study,
seems to show this view to be practically untenable, and to lead to
the conclusion that a stratum of relatively pure Austro-Melanesian
type must have preceded the “Polynesians™ in Polynesia. For
like the Negrito type, this also is marginal in its occurrence, and
while the Negrito type survives most strongly in Hawaii in the
north, this appears in greatest strength in Easter Is. on the eastern
margin of the area. It makes its influence felt in the northern
islands of the Hawaiian group, in the Marquesas and Central Poly-
nesia, and plays a notable part in New Zealand. Here, there is
interesting evidence to show that one of its most common deriva-
tives, very numerous throughout Melanesia, has played a double
role, entering into the composition of the Maori people not only
at an early date, but reappearing again much later as a relatively
recent factor in the make-up of that extremely complex people.

The third and historically clearly the latest type which has con-
tributed to the making of the Polynesian people, and the one whose
influence has for long been preponderant over a large part of the
area, is one which is Brachycephalic, Hypsicephalic and Leptorrhine.
This type is one which forms a very important factor in the rather
complex Malayan and Eastern Asiatic populations, but for which
I have not as yet found a wholly satisfactory name. In Polynesia,
this type seems strongest in Samoa and Tonga in the west, and of
great importance in the southern islands of the Hawaiian group,
while it plays a considerable part in Central Polynesia and New
Zealand. Curiously, little trace of it occurs in Easter Island to
the east.

Although these three fundamental types and their derivatives or
blends comprise the great majority of the Polynesian population, the
indications of the presence of a small minority of a fourth funda-
mental type, must not be overlooked; for although it itself survives
only in very small proportions, some of its derivatives are not unim-
portant in Hawaii and New Zealand. This is a Dolichocephalic,
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Hypsicephalic, Leptorrhine type, whose affiliations may be said, for
lack of a better term, to be distinctly Caucasic. Its marginal dis-
tribution in the north and south, leads to the conclusion that its
position is early rather than late in the historical sequence, and there
is much to suggest its appearance in company with the Austro-
Melanesian stratum.

It must not be understood for a moment, that the present theory
would claim that the various primitive and fundamental types came
into Poylnesia as pure types, and that all the manifold blends have
originated only after arrival. On the contrary, much blending and
crossing must have occurred before any of these types even entered
the Oceanic area, and much more en route. Yet it is believed that
the successive waves or streams although more or less complex in
their make up before reaching Polynesia, nevertheless contained in
each case a considerable core of pure types. In no other way can
the relative abundance of such pure types in the extreme marginal
portions of Polynesia, be easily accounted for.

It is in the highest degree unfortunate that we have practically
no measurements or descriptive data in regard to the living popula-
tion of this region. For we have in consequence no means of know-
ing whether skin color, hair and stature are more or less definitely
correlated with the cranial types defined. That there were great
differenecs in all of these three features, however, we know from
the general accounts given by the earlier explorers, the presence in
particular of distinctly negroid individuals being frequently men-
tioned. Such statements thus greatly strengthen and confirm the
belief in the complexity of the racial origins of the Polynesian
people.

In summary it may be said that the investigation made seems
to show that the racial history of the Polynesian area is even more
complex than it has hitherto been supposed to be. The underlying
stratum here, as well as further westward, appears to be indis-
tinguishable from the Negrito, although the problem of how it
reached this remote region is not yet wholly clear, This stratum
was followed by a wave of negroid peoples whose most numerous
modern representatives in this portion of the world form the bulk of



DIXON—A NEW THEORY OF POLYNESIAN ORIGINS. 267

the population of Melanesia and Australia. As a result of this
influx, the earlier Negrito type was largely absorbed, and survives
today as such, only in remote marginal areas into which it was
driven by the negroid immigrants. Following the negroid came the
Malayoid or Mongoloid wave, which, spreading over the area, ab-
sorbed and apparently quite submerged the preceding types and
blends in western Polynesia, and flooded in force into the central,
southern and northern portions, so that the Austro-Melanesian or
negroid type and its predecessor were left in any degree intact, only
in the marginal areas. These successive waves must not, however,
be thought of as rapid conquests, but rather, for the most part, as
slow drifts requiring generations or centuries for their completion,
with periods of halting, and as following moreover somewhat dif-
ferent paths.

For much of the Polynesian area, the available data are ex-
tremely scanty, and conclusions must therefore be regarded as only
tentative. It is encouraging to learn that much fuller materials are
probably soon to be made accessible, as a result of the expeditions to
be sent out by the Bishop Museum in Honolulu beginning this
present summer. An analysis of this expected large body of ma-
terial, on the plan here followed will, it is believed, confirm and
greatly amplify the general conclusions reached.

Hamvarn UsiversiTy,
April, 1920
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CDRREL\TIDN OF SHAFE AND STATION IN FRESH-
WATER MUSSELS (NAIADES).

By A. E. ORTMANN, Pu.D.
(Read April 24, 1920.)

While studying the Naiad-shells of the upper Ohio-drainage, the
fact was forced upon my mind, that certain species which inhabit
the headwaters and smaller streams are represented, in the larger
streams, by different, but very similar forms, which are distin-
guished from them chiefly by one character, namely obesity. The
headwaters-forms are rather compressed or flat, the large-river-
forms more convex and swollen. I also found that in the rivers of
mediom size integrades betwen the extremes were actually present.

Subsequently, similar conditions appeared to prevail elsewhere,
and the existence of this rule was brought home to me very forcibly
during my study of the Naiad-fauna of the upper Tennessee
drainage,

Also other authors have observed this fact, and have referred to
it in their publications. Thus Wilson and Clark® indicated it for
certain species of the Cumberland River (Amblema peruviana and
costata; Rotundaria tuberculata and granifera; Dromus dromas and
caperatus) and Utterback® has found this law to hold good in
Missouri (chiefly in the Osage River) for several species (Fus-
conaia undata and trigona; Amblema peruviana and costata; Pleuro-
bema obliguum and allied forms).

I myself have alluded to this relation between a compressed
headwaters-form and a swollen large-river-form in the case of
Obevaria lens and subrotunda,® in the case of Pleurobema coccineum

1 Bur. Fisher. Doc. no. 781, 1014, pp. 21 and 63,

2 Amer, Midl. Notural,, 4, 1016, p. 2.
2 dun, Carn. Mus., 5, 1909, p. 102
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and obliguum® and in the case of the group of Fusconaia barnesiana.’
I have given a fuller account, including the synonymy of the forms
concerned. Additional references may be found in my paper on the
upper Tennessee shells® and on the Pennsylvanian Naiades.”

However, all this information is rather vague, and not supported
by detailed measurements, and, before we finally assume that this
law exists at all, we should substantiate it by more careful investi-
gations. The present paper is written with the purpose to supply
the details and to reduce them to figures.

When we speak of the obesity of mussel shells, and call them
flat and compressed, or convexr and swollen, we refer to the pro-
portional digmeter of the shell. - This diameter can be expressed in
various ways, but I found that the most easy is in percentage of
the length. The length is always measured parallel to the linga-
ment,* which can be done, without difficulty, by placing the shell
between the arms of a vernier caliper measure in the proper posi-
tion. The diameter is measured at right angles to it, and always the
maximum diameter of the two valves is taken, no matter where it is
located. The length is then taken as =100, and the diameter ex-
pressed in hundredths of the length.

The material studied has been collected, for the largest part,
by myself, and thus I am able to vouch for the correctness of the
localities. It forms part of the collections of the Carnegie Museum
in Pittsburgh. Yet there is additional material from other sources.
The Carnegie Museum possesses a fine collection from the Tennessee
drainage in northern Alabama and southern Tennessee made by H.

* Nawtil., 23, 1910, p. 117, fooitnote 2, and Ann. Carnegie Mus., 8, 1912,
p. 264.

5 Nautil., 31, 1017, p. 58.

© Proc. Amer. Philos. Soc., 57, 1918, p. 521 ff.

T Mem, Carnegie Mus., 8, 1919,

® The greatest length of the shell is sometimes in a diagonal direction,
when the shell is “ oblique ' ; but since the obliquity varies much individually,
the length parallel to the ligament is selected. Previous authors (Lea for
instance) have not strictly adhered to this rule, and thus we may explain
certain discrepancies of the figures given in his text, and those taken from

his illustrations. In my measurements, I have always taken Lea's illustra-
tions as the standard.
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H. Smith; and finally I had the privilege of examining upper Ten-
nessee shells in the collection of Mr. B. Walker in Detroit, col-
lected by C. C. Adams (particulars about these may be found in
my paper on the upper Tennessee Naiades).

Of course, the shells collected at one and the same locality vary
somewhat, and thus it was necessary to compute the average for
each set. In some cases, only few specimens were at hand, in
others, a great many of them. Thus I do not give, in the tables, the
individual measurements, but only the extremes and the average.
We shall see that this is entirely sufficient to establish the law.
In each river, the localities are arranged irom downstream upward,
taking up the tributaries of the main stream generally in ascending
order. The exact situation of each locality may be found on the
map (page 258).

According to obesity, previous authors frequently have dis-
tinguished separate species, and often corresponding forms in dif-
ferent river-systems have received different specific names. Thus
it has been a difficult task to bring order in the nomenclature, and
I am compelled to devote considerable space to this, Since it will
become apparent- that the various groups of forms treated actually
are connccted by intergrades, each group should be regarded, taxo-
nomically, as one species. But since, on the other hand, the ex-
tremes are often rather sharply contrasted, and since they wvery
generally appear as geographical (or rather ecological) races, it is
convenient and justified, to use the old specific names in a varietal
(or subspecific) sense. On account of the existing intergrades it is
difficult, even impossible, to draw sharp lines between these varie-
ties, and the dividing lines selected by myself (according to per
centage of diameter) may seem, and are, arbitrary: I have en-
deavored, in this respect, to preserve the older names as far as
possible. Sometimes it was possible to distinguish only two forms,
a swollen one and a flat one; in other cases, three have been ad-
mitted (an intermediate one being added to the two extremes).
This latter course was made necessary in those instances, where the
oldest name was given to an intergrading form.
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Grour or FuscoNaIA SUBROTUNDA IN THE UprrEr OHIO SYSTEM.
The following is the taxonomy of this group here accepted.
1. Fuscoxala susroTunDA (Lea).—Dia. 50 per cent. of length
and over,
Unio subrotundus Lea. 31 (Ohio).—Quadrula subrotunda Simp-
son, "14, p. 8g2.°
Dia. (Lea): 60 per cent. Simpson gives: 44, 49, 51 per cent.,
but only the last one would belong here according to the definition
accepted above.,
Unoi politus Say, '34—Synonym to subrotunds according to
Simpson.
Dia. (Conrad, '37) : 53 per cent.
Fusconaia lewcogona [.par.ls;i Ortmann, Nautil. 27, 13, p. 80 (Elk
River, W. Va.).
2. FUuscoNAIA SUBROTUNDA KIRTLANDIANA (Lea).—Dia. less
than 50 per cent,
Unio kirtlandianus Lea, *34 (Mahoning R., Ohio) —Quwadrula kirt-
landiana Simpson, "14, p. 801. 1
Dia. (Lea) : 44 per cent.; (Simpson) : 33, 38 per cent.
Fusconaia lencogona (pars) Ortmann, 1. c,

Measurements taken from My Material®

Loc. No. Max. Min. Aw.
Ohio River.
BRI oL £ Or 51 € sibrat.
ot T 4 5 49 5 subrot, (kirtl)
L in sng by g S e e 1 =1 51 EL subrot.
oteMary’s oo n R EaRE B . 50 oy subrat.
L e e L e 20 g Rh RY subrot.
L5 3 s S R e 2 54 52 53 subrot.
ety £ 2 o R e PG N - N - R 4 kirtl. (subrot.)
Eornopoliss o a e .. & 53 42 48  kintl (subrot)

® Simpson, C. T. A descriptive Catalogue of the Naiades, or Pearly
Fresh-water Mussels. Detrait, 1014 All other references given without de-
til may be found in this work.

28 The first column gives the locality; the second the number of specimens
at hand; the third, fourth and fifth, the maximum, minimum, and average of
the percentage of the diameter: and in the last column, the name of the
variety represented is given. When several forms are present, the first name
is that of the prevailing (average) form, the other (in parenthesis) that of
the less abundant one,
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Thus it appears that in the Ohio, between Portsmouth and Pitts-
burgh, there is a tendency to decrease the diameter in the upstream
direction. The most swollen specimens, with the highest diameter,
and the highest average'uf it, have been encountered at the lower-
most station (Portsmouth), and the most compressed specimens,
and the lowest average, at the two uppermost stations. This gen-
eral law holds good also, when we now go up the Allegheny River,
and enter French Creek. (In the Allegheny proper, above the
mouth of French Creek, this species has not been found.)

Loe. No. Max, Min. Aw

Allegheny River.
BERETOEN, i v s e e s Bk 45 45 45 kirtl,
Y T T P At R e T S 45 40 kirtl,
[ e o L e 66 43 5I subrat, (kiril)
JOMOELEE o ovvnvivunrensasiensnsss 2 50 46 48 Hrtl (subrol)
A AR R R B B © T T R kirtl, (subrot.)
Templeton . oossasitdes vy 1 49 40 L kirtl,

French Creek.
| e e T M 4 43 40 42 Eirtl,
Cochrandon ...5c0 il isucioos i 40 33 42 kertl.
Mendwille o el 2 46 45 455 Rirtl.
Cambridge Springs «.coovasnvnese 2 44 43 435 Rertl

Here we notice irregularities, indeed, in so far as, for instance
at Godfrey, the percentage increases again, and remains only a little
below 50 per cent. in the Allegheny, but sinks rather abruptly to a
little above 40 per cent. in French Creck. The latter phenomenon
may be due to the sudden decrease in the size of the streams. It
should also be noticed that both the maxima and minima decrease in
the upstream direction, and it always should be emphasized that the
material from the various localities is not uniform as regards the
number of specimens measured: thus irregularities should be en-
countered, and, of course, mathematical exactness cannot be ex-
pected in a biclogical object.

Taking all the shells together, beginning in the Ohio at Ports-
mouth, and going up the Allegheny to French Creek, we notice the
general decrcase of the obesity: the most swollen specimen was
found at Portsmouth (67 per cent.) ; the most compressed one (33 -
per cent.) in French Creek. Specimens from the lower parts of the
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Ohio have a diameter almost uniformly above 50 per cent,; in the
region around Pittsburgh (in Ohio and Allegheny), it varies around
50 per cent.; and in French Creek it falls below 45 per cent. (always
barring minor irregularities).

Already this first instance substantiates the general law pro-
pounded in the introduction: in the larger rivers, these shells are
more convex and swollen; in the headwaters, they are flal and com-
pressed; and in the intermediate parts, the intergrades between the
extremes are found.

Under these circumstances it is, indeed, hard to draw a line
between the two forms called subroiunda and Rirtlandians. Ac-
cording to measurements taken from Lea (Dia. 69 per cent.), there
are specimens which are even more obese than any of those ex-
amined by myself (max. 67 per cent.), and these swollen forms
differ very strikingly from those which have only 44 per cent. (as
in Lea’s type of kirtlandiana), or even less (falling to 33 per cent
according to Simpson and my material). In order to include politus
Say in the synonymy of subrotunds, as Simpson has done, I have
decided to draw the line at the diameter of 50 per cent., so that indi-
viduals with this diameter and over shall be called Fusconaia sub-
rotunda, and individuals with the diameter less than 50 per cent.
shall be called Fusmonaia subrotunda kirtlandiana. Thus it is evi-
dent that two of the shells of subrotunda, for which Simpson gives
the measurements, having the diameter 44 and 49 per cent,, fall
under Eirtlandigna.

This will bring almost all specimens in the Ohio below Penn-
sylvania under the main species, while all specimens in French Creek
are the var. kirtlandiana. In the Pennsylvanian part of the Ohio,
and in the Allegheny, we have the two forms associated, sometimes
the one, sometimes the other prevailing, and the various sets from
these localities should be separated accordingly. This is only what
we should expect as the natural condition; and also, for practical
purposes, this clears matters up, and brings sets together, which are
rather uniform.

One additional circumstance should be pointed out. The obesity
of the shell changes a little with age, so that young shells, in the
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average, are more swollen than old ones. This does not, however,
introduce a serious error, since from most localities young and old
shells are at hand. On the other hand, this serves to explain, in
part, the irregularities observed. Very old shells are often un-
usually produced or elongated at the posterior end, and this tends to
lower the percentage of the diameter. Just such shells have been
found frequently in the Ohio near Pittsburgh, and these have, con-
sequently, unduely depressed the average. Also the young shells,
or, for that matter, shells of about the same size, when compared
among themselves, show the decrease of the obesity in the upstream
direction. The same phenomenon is found in other forms to be
discussed later.

Fusocnaio subrotunda also enters several tributaries of the
Ohio. First of all, we have it in Elk River in West Virginia
(tributary to Kanawha). The Kanawha empties into the Ohio in
a region where typical subrotunda is found. 1 have no material
from this river. But in Elk River is a form, which I have called
F. subrotunda lewcogona, and which I have characterized as a
“rather small and somewhat fattened subrotunda,” also differing
by (mostly) pale soft parts and eggs. I doubt now the propriety
of introducing a separate name for this form, for it might very
well be included under both, subrotunda and Eirtlandiana, these also
having sometimes pale soft parts. The following table gives the
measurements of the Elk River specimen.

Loc. No. Max. AMin. Av.
SR e g d e e e e 12 52 45 490.5 kirtl. (subrol)
GaEsEwEY o T 1z 53 38 48 kirfl (subrot)
e ey Ty W [« i kirtl,

The decrease of the average diameter is also here clearly shown,
the maximum being found in the two lower stations (with specimens
which would fall under subrotunda). The minimum has been ob-
served in the middle station, but only in one individual, and another
with the diameter of 41 per cent., while all the rest do not fall
under 45 per cent. This is one of the irregularities which should
be expected.

Another river which contains this species is Beaver River in
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Pennsylvania. This is formed by two main branches, Shenango
and Mahoning, which unite below Newcastle, at Mahoningtown. I
shall begin with the only locality in the Beaver proper, then go up
the Shenango to the mouth of Pymatuning Creek, and finally go up
the Mahoning.

Loe. Ko. Max. Min., Av.
Begver Krver.
Wampim . ..c ettt s b vty R0 - 5 e A kirtl. (subrot.)
Shenango River.
Harbor Bridge . iccesiessissscs I3 47 36 40 kirtl,
Pulaski .. siiuteiamasitenaave (15 89 40 44 kel
Sharpsville’ ooviirmmmrsnnsenens 4 48 835 43 kirtl.
Clarksville: ..l letiassvirinies I8 o 30 45 kirtl.
Pymatuning Creek (mouth) ..... 1 39 30 30 Firtl.
Mahoning River (follows Wampum).
Mahoningtown  .......eeceseees. 31 52 37 44 Rirll, (subrol.)
o o g i L e e R 6 47 40 43 Eirtl.
BEdinbnrg <o viiiinieiea Lot R 4 42 39 40 kirtl.

In the Ohio, just below the mouth of the Beaver (at Industry),
the diameter is 47 per cent. Thus the Beaver-shells are clearly less
swollen, While all these specimens are rather uniform in diameter,
it is seen that the lowest average is farthest upstream. Specimens
with over 50 per cent. are found frequently only at the lowermost
stations (Wampum and Manoningtown), and specimens with lowest
diameter (below 40 per cent.) are most frequent farther up. The
very high average at Clarksville (45 per cent.) is due to an unusual
number of young specimens, which, as we have seen, tend to elevate
the average; and the low average at Harbor Bridge is due to the
fact that mostly large specimens are among them, which depress the
figures.

It should be mentioned that the type-locality for Rirtlandiana is
in the “ Mahoning River, Ohio,” that is to say, farther up than any
of my localities, and that the diameter as given by Lea's illustra-
tion is 44 per cent.

Thus nearly all of the shells from the Beaver drainage fall
under kirtlandiana.

Finally, I have shells belonging here from the Monongahela
drainage. At present, the Monongahela in Pennsylvania and parts
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of West Virginia (below Clarksville) is polluted, and its fauna is
destroyed. 1 have older material, however, from one locality in
the Monongahela proper; farther up, I collected some near the
mouth of Cheat River, just at the state line; and at one locality in
the headwaters (West Fork River). The measurements are as
follows.

Loe. No. Max. Min, Aw.
Monongahela, Charleroi ........ 13 6 & =3 subrof. (kirtl)
Cheat, Cheat Haven ............. 2 52 40 46 kirtl. (subrot.)
West Fork, Lynch Mines ....... 2 44 41 425  kirtl

This material is rather scanty; nevertheless the decrease in
obesity in the upstream direction is clearly seen. The Ilocality
Charleroi has a higher percentage (63) than the next localities below
in the Ohio (47 and 48 at Industry and Coraopolis), but agrees with
that of Cooks Ferry. This, probably, is again due to the age of the
shells, In the Ohio below Pittsburgh, giant specimens, with the
length over 100 mm., are not uncommon, while among the shells
from Charleroi there is not a single one over 100 mm. (largest
QI mm.).

Very probably, this law holds good also in other tributaries of
the Ohio. I have not enough material to demonstrate this. In one
case, that of the Twuscarawas River in Ohio, I have rather abundant
material from the Holland collection, but, unfortunately, no exact
localities are given; both forms, however, are represented in this
river. From the Levisa Fork Big Sandy River, Prestonsburg,
Floyd Co., Ky., I have a single specimen, the diameter of which is
50 per cent., that is to say, it is a subrotunda standing just at the
lower limit, and close to kirtlandiana, and this would correspond
to the station well up the river. From Little Kanawha River,
Grantsville, Calhoun Co., W. Va., I have one specimen, the diameter
of which is 43 per cent. this is the typical kirtlandiana, correspond-
ing to the small size of this river,

All this serves to show that our contention is upheld, that F,
subrotunda and kirtlandiana are forms of the same species, differ-
mg only in obesity. The former is the swollen form of the large
rivers ; the latter is the compressed form of the small streams. Both

PROC. AMER. PHIL. 50C,, VOL. LIX, R, AUGUST 20, 1920,
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are connected by intergrades, and any line drawn between them must
necessarily be artificial and arbitrary. It is advisable, however, to
retain the old names in a varietal sense, for the extremes are rather
strikingly different.

Grour oF FUSCONAIA PILARIS IN THE UrPER TENNESSEE-
DRAINAGE,

Fusconaia pilaris (Lea) is the representative of F. subrotunda
in the upper Tennessee system, and it is extremely hard to distin-
guish the two. All I can say is that pilaris is a smaller shell than
subrotunda, a character mentioned also by Simpson. For the rest,
there is no difference, and it is actually impossible to tell younger
subrotunda from pilaris, as is shown by the fact that pilaris re-
peatedly has been reported from the Ohio River. In the Tennessec
River in northern Alabama, typical subrotunda is found, and I have
specimens from this region. But since I have no material from this
river between these parts and the vicinity of Knoxville, Tenn., I
cannot discuss the relation of these two forms. They may pass
into each other.

The pilaris-group of the upper Tennessee contains a number of
nominal species which have been distinguished on entirely insuffi-
cient grounds. I have revised them™ in the following way.

1. Fusconata ricanmis (Lea).—D. 55 per cent. or over.
Unio pilaris Lea, '40 (French Broad and Holston).—Quadrula
pilaris Simpson, "14, p. 893.
Dia, (Lea): 63 per cent. Simpson gives two measurements,
47 and 54 per cent., which, however, belong to the next form, which
he unites with this. .
Unio globatus Lea, "71 (Holston).—Quadrula globata Simpson, '14,
p- 8go.
Dia. (Lea) : 68 per cent.; (Simpson) : 67 per cent.
Quadrula andrewse Marsh, ‘oz (Holston). —Quadrula andrewsi
Simpson, "14, p. 8g3.
Dia. (Simpson) : 55 per cent.
11 Proc, Amer. Philos. Soc., 57, "18, pp. 527-5329.
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Quadrula beauchampi Marsh, oz (Little Tennessee and Holston).—

Simpson, "14, p. 89s.
Dia. (Simpson) : 61 per cent.

2. FUSCONAIA PILARIS LESUEURIANA (Lea)—Dia. 45-54 per
cent.
Unio lesueurianus Lea, '40 (Caney Fork and Holston) —Synonym
to pilaris, according to Simpson.
Dia. (Lea): 51 per cent—Simpson’s measurements of pilaris
(47 and 54) belong here.
Quadrula flexwosa Simpson, "o0 (Holston).—Simpson, "14, p. 887.
Dia, 51 per cent.

3. Fuscowaia piLARIS BURSA-PAsSTORIS (Wright).—Dia. less than

45 per cent,
Unio bursa-pastoris Wright, "06 (Powell R., Va.) —Quadrala bursa-

pastoris Simpson, ‘14, p. 8go.
Dia. (Simpson) : 35 per cent.

I shall follow the same scheme as before, and go up the Ten-
nessee and the tributaries: Holston, Clinch, Powell, etc,

Lo, No. Max. Min. Av.

Tennessee River.
Broxyille’ Sticco i im iy I8 e isn By pil. (les.)

Holston River.
MeMillan) . e s I B0 t80 iEo Ies.
Ol s s s ot gt T e B e il (les)
Hadges: st iann L 2 51 2 les.
Lnrley - MHL R 43 47 les. (pil) (b.-p.)
oL o e R R e e S 48 51 les. (pil.)
Helston Stalion ....cvvvveacenes 7 47 A les.
43
39
39

"8 4By

Chitirel Hi .ol e 3 45 les. (bp.)
South Fork Holston River.

T R e e e 10 45 les. (b-p)

[ EEy s o L i e et T e T e b-p. (les)

Watauga River.

Walauga ..crvenrcnes e B 40 40 40 b.-p.
North Fork Holston River.

Rotherwood ...cocvsssvesracsese 7 54 44 50 les. (B-p.)

Holston Bridge .....ccvcevivnee. 1 6 46 46 - les

13 T R At oo S Lo P S O b-p. (les)

Mendota ....covevesssennseanss 1 38 38 38 Bop
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Tt is interesting to observe that all three forms are found at

Turley Mill.

This table shows that the diameter decreases in the upstream
direction. There are slight irregularities, but the general law is

distinctly . expressed,

In the Clinch River, this is shown even more distinetly. The
Clinch goes into the Tennessee below my lowermost locality at
Knoxville, but my first station in the Clinch is a good distance up

from the mouth.

Loc.
Clinch River.
SOIWEY . coorscusannarmaovinnaeve
Clnbon . oocisasssnnsnsvassnnases
OFBHE 2vrconnnresssspannnianssss
AEE .rovnorosesmanssnansensasas
Needham Ford ..occcicavcascsns
Black Fox Ford .....ccoccesesies
Clinch River Station ......c..e-
Oakman ...ceeesssssnsssssranans
Sheedville ....aisnsassranaaasane
Kyle Ford ....covsnsunsnsnannness
Horton Ford .....cconscssnancess
ClHnchport ....ovssssamsssnansses
St Panl . .icossansasnrnsnmunes
Fink .....vcormvavassansnssnanans
Cleveland  ....ccrzsasesscaszesss
BAVEN' i inenassbnmannsassunsis
Richland ...covcsccsrannmsssnsss
Cedar Bluff ....cocovemnccsnasss

Powell River (Agee, just below has 46 per cent.

Loe.
Greens Ford .oocvrvcvvnnprnnass
(et e S I, P g el
P a1 T e A N T B e R e e
CHAWANEE  .:acsveibisinsnnnassis
Rose Hill .....cocssinanensessses
Jomesville  coovoniiiiiiiaeaaes

Dryden ..ccocvacrsssrsanmannesan

Big Stone Gap ....ococaceeeiasnn

No.

-
L]

- ...
ot Chde NG N

-
b L W e W™

-
=]

Ln

No.

o W

- e B g e

sutubsanBtiansueRe &

41
39

Max,

EaEBERES

2
F

PHEPYEARRYEBLRBRBE8EE

Min.

42
35

g888%e

52

B

GYBBBUBEUEREEEEES

Av,
455
39
40
42.5
40.5
)
39
39

les. (pil.) (b-p.)

lex. (pil) (B-p.)
les. (pil) (B-p.)
les. (b-p.)

les.

bo=p. (les.)

bo=p. (les.)

b.-p.

b.-p.

b-p.

bo-p. (les.)

b.=p.

b.-p.

b.-p. (les)

b-p.

b.-p.

b.-p.

b.-p.

b.-p.

b.=p.

=1es.).

les. (b-p.)
b.=p. (les.)
b.-p.
b-p. (les.)
b.-p.
b=p.
b.=p.
b.-p.
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“These tables do not need any further comment: barring certain
local irregularities, which can be accounted for by scarcity of ma-
terial, the law is clearly shown, that in the upstream direction the
diameter decreases, and that it decreases very gradually. The con-
ditions in the Holston, and chiefly in the Clinch and Powell are,
indeed, classical.

It should be added that I have seen a single individual from
Little Tennessee River, Coytee, Loudon Co., Tenn., which has the
diameter of 58 per cent, (= pilaris). Little Tennessee goes into
the Tennessee below Knoxville, and thus this agrees well with the
figure for specimens from Knoxville (57 per cent.).

I further collected a large number of specimens in French Broad
River, at Boyd Creek, Sevier Co.,, Tenn, This river unites with
the Holston to form the Tennessee just above Knoxville. I have
measured 16 specimens; the max. is 64 per cent.; the min. 47 per
cent.; the av. 56 per cent. Also these figures are exactly what we
should expect.

There is no question that all these shells are one and the same
species, for which the name pilaris, as the oldest, should be used,
and which changes in obesity from the large rivers towards the
headwaters. Since Lea distinguished, at the same time, two forms
which differ chiefly in being more or less swollen, the two names
given by him (pilaris and leswenriana) should be preserved in a
varietal sense, and a third variety of great compression should be
added, described much later by Wright as bursa-pastoris.

As pilaris corresponds to subrotunda, bursa-pastoris corresponds
to kirtlandiana of the upper Ohio drainage. In fact, it is so close to
it that Pilsbry and Rhoads** have identified specimens from Wa-
taugas River as kirtlandiona. 1 have serious doubts that the two
forms can be kept apart, when the locality is unknown. In my
large material I can see only one difference, that is, that bursa-
pastoris is a smaller shell than kirtlandiang, and reaches a greater
degree of compression. This opens a very pertinent question as to
nomenclature, since also pilaris (and leswewriana) apparently repre-
sent only a small race of subrofunda. 1 shall not go any further

12 Pr, de. Nat. Sei., Phlad., 48, 1806, p. 502,
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into this problem, which may necessitate some radical changes in our
Naiad-nomenclature.

This much is certain, that F. pilaris, the representative form in
the upper Tennessee of F. subrotunda from the Ohio, behaves
exactly as FF. subrotunda, but the headwaters-forms of the two, in
the upper Tennessee and the upper Ohio drainages, although very
similar, have no direct genetic connection, and undoubtedly have
developed independently of each other.

Grour oF FUsSCONAIA FLAVA IN THE UrPER OHIO-DRAINAGE,

I classify the forms belonging here as follows.

1. Fuscoxnara Frava (Rafinesque).—Dia. less than 55 per cent.
Obliquaria flava Rafinesque, "20 (trib. of Kentucky, Salt, Green R.).

—Ouadrula flava Vanatta, Pr. Ac. Philad,, "15, p. 557.

Dia. (Conrad, "37) : 43 per cent.; (Vanatta) : 39 per cent,

Unio rubiginosus Lea, '29 (Ohio).—Quadrule rubiginose Simpson,
14, p- 87z,

Dia. (Lea) : 44 per cent.; (Simpson) : 41, 34, 53 per cent.

2. FuscoNaia rLava TricoNa (Lea)—Dia. 55 per cent. and
over.

Unio trigonus Lea, 31 (Ohio R., Cincinnati and Louisville).—
Synonym to (Juadrula undata (Barnes), according to Simpson,
14, p. 881,

Dia. (Lea) : 63 per cent.

Probably also U. undatus Barnes, "23, belongs here. This form
has been discussed by Walker (Nautil,, 24, ’10, p. 24), who says
that it is the same as #frigonus. He gives the diameter of 68 per
cent. Simpson (L c.), who follows him, gives it as 60, 61, and 76
per cent, s

Walker and Simpson probably are right in regarding trigonus
and sndalus as synonyms, as far as it concerns obesity. However,
I think that they differ in the development of the beaks, undatus
having higher beaks, so that the outline is more triangular, while it
is subtrapezoidal in trigonus. Of typical undatus I have no good
material, and this form is not found in the upper Ohio. What 1
have from this region (vicinity of Pittsburgh and upwards) repre-
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sents, in the more obese form, distinctly the shell called by Lea

trigonus, and thus I shall use this

name, and restrict myself to the

two forms flava and trigona, and their interrelation, leaving the
decizion as to the standing of undata to further investigation. Ac-
cording to Utterback,*® the latter also passes into trigona,

Loc. No.
Qhip River.
B T [ e 14
Meonongahela River.
Elieabeth i et e s 0 o
ChHarlesod) it e B
MARSHOTY oo o cirans e ssimaies e

Max. Min. Aw,
63 40 M4 flav. (trig.)
9 49 49 flov
66 550 56 trig. (flav.)
47 47 47 flav.

The following are tributaries going into the Monongahela at and

above Millsboro.

Loc. No.

N. Fork Ten Mile Creek, Amity.. 2
5. Fk. Ten Mile Cr., Waynesburg 6
Dunkard Creek, Wiley ....cuvees 2
Dunkard Creek, Mt. Mornis 0

The law is again apparent here

AMax. Min. Av,
4 48 48 flu
8 a4 4 flom
47 43 45  flou.
50 41 47  flan

: the most compressed forms are

found in the tributaries, the most swollen ones in the larger river.

Going up the Allegheny River,

and ascending one of its tribu-

taries, Crooked Creck, the law is not so clearly shown for the reason
that this form is rare in the Allegheny proper, and is entirely missing

in the headwaters.

Loc, No.
Allegheny River.
5T Ly e W b R, I 3
Johnette e e e
Kelly S R T 2
Crooked Creck.
T T R e e el e e A 29
South Bend R 2
Creckside e e S e ]

Yet indications are seen in Crooked Creek.

Max. Min., Av.
4 4 43 flow
55 50 53 flav (irig.)
42 42 42 flaz.
51 38 43 flon
4t 41 41 flaw
4 3B g floo

That the compressed form is the one found in smaller streams,
is also shown by several isolated sets from other tributaries of the
Ohio, which have been measured, and the following are of interest.

12 dmer, Midland Natwralist (Notre Dame, Ind.), 4, "16, p. 21.
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Loc. No. Max. Min. Av.
Little Kanoguha River, Burnsville. 12 25 40 44 flaw. (trig.)
Raccoon Creek, New Sheffield ... 9 40 42 43 flaz.
Chartiers Creek, Carnegie ......- 3 446 40 44 flaw.

Since the compressed form of the headwaters (flava) very
gradually passes into the more swollen form of the larger rivers
(trigona), the distinguishing line between them necessarily must be
arbitrary. I have adopted 55 per cent. as the limit, so that shells
with the diameter of 55 per cent. and over are called trigona, while
shells with less than 55 per cent. are flava.

Grovur oF FuscoNAIA cUNEOLUS IN THE UpreEr TENNESSEE-
SYSTEM.

Fuscongio flava and frigona are absent in the upper Tennessee-
drainage, but they are represented there by two allied species, which
agree in general shape and in anatomy with the Ohio shells, but -
differ from them, and from each other, chiefly in the color of the
epidermis. They appear to be good species, for they do not run
into the flava-type anywhere, and 1 also have never found evidence
that they run into each other. These shells are F. cuneolus and F.
edgariana. In both of them, however, the same phenomenon as
regards obesity is observed.

F. cuneolus has the following forms and synonyms.™

1. Fusconata cuneorus (Lea).—Dia. less than 50 per cent.
Unio cuneolus Lea, 40 (Holston R.).—Plewrobema cuncolus Simp-
son, '14, p. 743.
Dia (Lea) : 43 per cent.; (Simpson) : 42 and 46 per cent.
2. FuscoNaIa CUNEOLUS APPRESSA (Lea.)—Dia. 50 per cent.
OT OVET.
Unio appressus Lea, '71 (Tennesse R., Tuscumbia; Holston R.).—
Pleurobema appressa Simpson, '00, p. 740.
Dia. (Lea): 52 per cent.
Unio tuscumbiensis Lea, 71 (Tuscumbia; Holston R.).—Pleuro-
bema tuscumbiensis Simpson, 14, p. 748,
Dia. (Lea) : 56 per cent.; (Simpson) : 56 and 58 per cent.
14 See Pr. Amer. Philos. Soc., 57, "18, pp. 530, 531.
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Unio flavidus Lea, *72 (Clinch R., Anderson Co., Tenn.; Holston
R.; N. Ala.).—Synonym to Pl tuscumbiensis, according to Simp-
som, L. c.

Dia, (Lea): 52 per cent.
I have measured the following material.

Loe. No. Max. Min, Av.
Tennessee River.
Chota. Shoals oo ieiiearsnnecs @y OO 51 61 appr.
Holston River,
Torley Ml 5 s st o 4 a6 46 cun,
MO e T R TR 10 50 45 sl appr. (cun.)
Holston Station secisessisnisres 2 &7 45 46 cun,
Anstin Mill .....ocovvmrsnrnnness 3 54 45 48 cun. (appr)
Neorih Fork Holston River.
Rotherwood - ..o oviniivinnia T0. 45 o 41 Clin,
R V11T e e A S e PSR | TR TR R cHn.
Mendotl v e e e ree e 00 VBB oA clm.

The general rule, from the Tennessee up the Holston, is seen.
Irregularities and more sudden changes (from the Tennessee to the
Holston, and from the latter to the North Fork) may be accounted
for, on'the one hand, by scarcity of material, or, on the other, by the
sudden transition from a larger river to a smaller one.

I leave out some material collected in tributaries of the Ten-
nessee and Holston, because it is fragmentary: but I shouid say
that it does not conflict with the rule. From the Clinch Rizer, I
am able to offer the following table.

Loc. No. Max Min. Aw.
Clinch River.
SO e e B e 55 g5 £5 appr.
EINEO i e v s sin e s et e 57 47 51 appr. (cun,)
(BT i et e 1L e R N LA g2 £ E2 appr.
Black Fox Ford .......ccreesmres 3 45 400 43 cun,
Clinch River Station ............ 0 45 40 43 cum,
B I e e e P bt G B T T cum.,
Horton Ford . .vecincerssnssisns: T 2 30 39 cun.
Speers FErry cevninsescerninies @ 42 3 40 cHn.
Giﬂfl’lpﬂﬂ e e L A (] 44 33 41 CH.

The sudden change of obesity between Offutt and Black Fox
Ford undoubtedly is due to the fact that a long stretch of the river
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intervenes from which no shells are at hand, and that above Offutt
the Powell flows into the Clinch, the latter thus suddenly decreasing
in size, .
Material from the Powell is scanty, but it fits into the scheme.
It is thus clear that also the euneolus-group is subject to the law.
It also holds good, as far as my material goes, in the Tennessee and -
its tributaries in northern Alabama, where this type of shells also
seems to be abundant,

Grour oF FUSCONAIA EDGARIANA 1IN THE UrPPER TENNESSEE-SYSTEM.
I distinguish the following two forms, but use the specific name
of edgariana (see F. cor, Ortmann, "18, pp. 532, 533).

1. Fuscowaia Encariana (Lea).—Dia. 50 per cent. or over.
Unio edgarianus Lea, 40 (Holston R., Tenn.; Tennessee R., Flor-
ence, Ala.) —Plewrobema edgarianum Simpson, '14, p. 741.

Dia, (Lea): 64 per cent.; (Simpson) : 58, 69, 76 per cent.
Unio obuncus Lea, '71 (Tuscumbia, Ala.; Holston E., Tenn.).—
Synonym to edgarignum, according to Simpson.
Dia. (Lea): 53 per cent.
Unio andersonensis Lea. '72 (Holston R.; Clinch R., Anderson Co.,
Tenn.).—Synonym to edgarianum, according to Simpson.
Dia. (Lea) : %6 per cent.
2. FUuscoNAIA EDGARIANA ANALOGA (Ortmann).—Dia. less than
50 per cent. j
Fusconaia cor analoga Ortmann, '18, p. 533 (Clinch R., Speers
Ferry). ;
My material from Clinch River has furnished the following
figures.

Loe. No. Max. Min. Av.
Clinch River.
BAFEMOOT oo ermesenmnnnies L 58 5B BB  edpor
Needham Ford .........icoveeee 2 51 42 465 anal. (edgor.)
Clinch River Station ............ 2 48 47 475 anal
Sneetville o eaet X 49 40 anal,
BTl o]y RSP I 42 42 42 anal.
Speers Fermy ool iciiaiseinees 8 o 4 46 anal.
Chnchport oo loi i il 6 45 41 43 anal.
S ] e R A | 45 40 43 anal,
T A e e R R e 48 41 45 anal,
Cleveland  .oisiiisassibssnaies 6 44 40 42 anal,
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The sudden jump between Edgemoor and Needham Ford is ex-
plained by the long distance between these two points.

In the Powell River, this shell is also found, and material is at
hand from twoe places, Combs and Rose Hill. At the former place,
the average diameter is 42 per cent., at the latter, 43 per cent.
Here the lowest percentage has been found to be 38.

I did not collect shells of this type in the Holston below the
forks, which is quite a remarkable fact. But the flat type turns up
again in the North Fork, from Rotherwood to Holston F. 0. Here
the diameter lies between 41 and 48 per cent., and there is no ap-
parent change in this comparatively short stretch of river.

Three shells from the Tennessee at Florence, Ala., have the dia.
55, 70, 70 per cent., with the average of 65, thus being more swollen
than any shells from the upper Tennessee region. From a tribu-
tary some distance farther up, Paint Reck Riwer, 1 have the fol-
lowing table.

Loc. No. Alax. Min. Av.
Famt Rocke oo s R s Rt 51 edgar. (anal.)
o | 11T Rt e p e ko e G 54 47 52 cdgar. (anal.)
Prnceton: .....ocesvsssnssnsners 5 40 40 40 . ongl.

This series may appear as unreliable, since the uppermost sta-
tion contains only one shell ; yet the fact is evident that the Paint-
Rock-River-shells are less obese than those from the Tennessee
below.

Although, on the whole, my material of the edgarigna-group iz
somewhat fragmentary, the law is distinctly seen, chiefly in a por-
tion of the Clinch River, from Needham Ford upwards, where con-
ditions are typical. These are perfectly analogous to those observed
in the cuneolus-group, and thus we are justified to distinguish also
here two varieties, a swollen river form, and a flat headwaters-form,
although the latter has not been named previously.

GroUuP oF FUSCONAIA BARNESIANA IN THE UrPEr TENNESSEE
SYSTEM.

I have treated of this group previously,’® and have given an ac-
count of its taxonomy. Thus it suffices here to repeat only the

15 Nawhil., 31, 1917, p. 58 ff.
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general results, and to support them by tables of measurements.
The material of this species is rather rich, and I shall not give the
measurements of all of it, but shall restrict myself to selected

examples which show the law clearly.

I have distinguished here three forms.

1. Fusconaia BARNESIANA (Lea) —Dia. 4049 per cent.
2. FUSCONATIA BARNESIANA BIGBVENsSIS (Lea).—Dia, less than

40 per cent.

3. Fusconaia BamwestaNA TuMesceNs (Lea)—Dia. 30 per

cent. or over.

I first give the material from three large rivers in the vicinity

of Knoxville.

Loe. No.,
Tennessee River, Little R. Shoals. 1 57
Little Tenn. River, Monroe Co... 3 57
French Broad River, Boyd Creek. 3 35

Hoalston River.

Maseot oo e st T 48
g e s b B LB
qa T T e LT e
BRI - PP R G (e S G 52
Holston Station ...... T L e R T
AnshniNGE: . s veeeeae. E 4D

South Fork Holston River.
Pactolus ™ ......:-: R o 3 45
Bluff City ...... ehatEE T e
Eimmiett o e e, o 30

T e e i R |
Middle Fork Holston River.
Chilhowie ........ At 3 37

North Fork Holston River (next station below,

per cent. = barn. ).
Loc.
Rotherwood ..........c....
dlerdabl: Loosn ey
Holston P. O, ..........:.
Salmlle ... i

No.
e LG ey
vesss i} 4t
vissna 8 40
sarasvs F 39

Max.

Mnx.

Min,
57
51
45

T aed

35

Min.
38
36
35
34

A,

57 fumm,

54 T,

50 fum, (barn.)
48 barmn.

46 barn, (fum.)
51 faaper,

40 barn, (fum.)
47 barn,

40 barn,

43 barn.,

39 bigh. (barn.)
37 bigh,

34 bigh.

36 bigh.

Aunstin Mill, has av. 40

barn. (bigh.)
bigh. (barn.)
bigh. (barn.)
bigh.

449887

Big Mocasin Creek (next station below, Rotherwood, has av. 40 per cent.).

Loe. No. I_Hil‘_ Min. Av,
Moccasin GaD ovvcnsicrnrsveiises 10 40 33 87 bigh. (barn.)
Willow Springs: ..........000veee 2 38 35 365 Bigh
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It hardly needs to be pointed out that, beginning in the large
rivers, tumescens passes gradually into barnesiana, and farther up,
into bighyensis. This is one of the best and most convincing series.

In Clinch River, conditions are similar, but the only specimen
from the lowermost station (Solway) makes an exception, but a
rather striking one. We may however, very well disregard it, and
take it simply for an abnormal case. With the next station above it
(Edgemoor), the normal condition is seen to begin.

Lo, No. Max. Min. Awv.
Clinch Riger.

Solwaly Slvaabiriaidmss 1 38 g 88 brigh.

EApeminnt: s viasssramvassryse: i 521 4 50 tum., (barn.)

Gl v ey R i 1T 45 45 45 barn,

Walker Ford '.....coeesssessesss 2 40 46 475 Damn.

Evle-Ford ool siriyasin asnau LI 41 41 41 barn.

Glinchport s e s e AT 6 a6 6 bigh.

T e e T e

il o R e A e T T bigh.

R s e e e w a e 6 3B/ 32 36 bigh,

Bichland | oooiaripRiiinianne s T s By a6 bigh. (barn.)

Cedar BlofE ..o cusivasaniaasssns, 0. 30 33 36 bigh.

S e T L 10 30 ] bigh,
Powell River (next station below is Clinton, with 45 per cent. = barn.).

Loe. No., Max. Min. Av,

Greens Ford ..oo.iicavinaniaisss 2 40 40 40 barn,

e 4 37 i a7 bigh.

Rose Hill . .. rar e Ok 37 a7 37 bigh.

r o T B A SR o e I SR R bigh. (barn.)

Big Stone Gap ..occorihssnrasses 12 4T 3 36 bigh. (barn.)

No comment is necessary, except that it should be noted that, in
this species, the intermediate form (barmesiana) turns up, occa-
sionally, way up in the headwaters. This, of course, is due to the
fact that the limits drawn between the three forms are very narrow.

In some of the tributaries of the upper Tennessee, tumescens,
according to my material, passes only into barnesiana, without the
most compressed form of bigbyensis being well represented. This
is seen, for instance, in Little Pigeon River at Sevierville, a tribu-
tary to the French Broad. The latter, at Boyd Creek possesses
tumescens with the average diameter of 50 per cent., with an ad-
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mixture of some specimens of barnesiana. From Sevierville, I have
ten specimens, ranging from 45 to 38 per cent., the average being
42 per cent., thus representing barnesiana with an interspersing of a
few bighyensis. I have no doubt, however, that, if there was any
material from farther up stream, pure bighyensis would appear.

Finally, the same conditions obtain in the Tennessee drainage in
northern Alabama. In the Tennessee River at Florence is a form
(12 specimens measured) in which the diameter ranges from 64 to
50 per cent., with the average at 56 per cent. This is pure tumes-
cens. In the tributaries we find mostly the more compressed forms
of the barnesiana- and bigbyensis-type, so, for instance, in Elk
River, at Fayetteville (1 specimen), a form with the diameter of
44 per cent. (barnesiana), and farther up, at Estill Springs (8
specimens), a form ranging from 40 to 35 per cent., with the average
of 38 per cent., which corresponds to bigbyensis.

Thus the contention is substantiated, that fumescens of the large
rivers passes through barnesiana into bighyensis of the headwaters.

GROUP OF AMBLEMA PERUVIANA (LaMARCK).

The extremes of this group of forms are marked by Amblema
peruviang (Lam.) (= Quadrula plicata Simpson, 14, p. 814) and
Amblema costata (Raf.) (= Quadrula undulata (Barn.) Simpson,
p. 819). But there are other described “species™ which fall into
this group.

Wilson and Clark (1914) and Utterback (1016) have referred to
these as showing the same phenomenon of a swollen form inhabit-
ing the large rivers, and a flat one in the smaller streams (Cumber-
land and Osage River systems). I have no doubt that this is
correct, and that it applies also to other rivers,

According to my experience, there is no question that specimens
of 4. costata in the Ohio River below Pittsburgh are more obese
than the greatly compressed specimens found, for instance, in the
Beaver and upper Allegheny drainages. However, I do not possess
sufficient material from the middle and lower Ohio, to show the
actual transition into persvigna. Also in the Tennessee-system, I
did not go far enough down to reach the range of the latter: what I
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have found in the Knoxville region, and what I have from the Ten-
nessee in northern Alabama, should all be classed with 4. costata.

QuapruLa rusTULOSA (Lea) (Simpson, ‘14, p. 848).

This is a species which generally avoids smaller streams, both
in the Ohio and upper Tennessee drainages. Consequently, not
much difference is observed in obesity. Nevertheless a slight indi-
cation of our law is seen in so far, as the most compressed indi-
viduals come from the most extreme stations in the upstream
direction.

Generally speaking, in the Ohio and Tennessee systems, this
species has a diameter between 50 and 70 per cent. Specimens fall-
ing under 50 per cent. are at hand from the following localities.
Licking Riv., Farmer—Four specimens, dia. 47—45 per cent., aver-

age: 46 per cent,

Big Sandy Riv., Prestonsburg—One among three specimens has the
dia. of 44 per cent., the others have 50 and 52 per cent.

Pocatalico Riv., Raymond City—Two specimens, dia. 48 and 45
per cent

Little Kanawha Riv., Burnsville—QOne specimen with 46 per cent.

(another with 50 per cent.).

Allegheny Riv., Kelly.—One specimen with 49 per cent. among
others more obese.

Cheat Riv., Cheat Haven—One specimen with 48 per cent., and
two others more obese.

All these stations are well upstream, and in no case, this species
has been found above these points. Thus it is seen, that unusually
flattened individuals turn up only in smaller streams or at the upper-
most limit of the distribution. In the Tennessee system, no speci-
mens under 50 per cent in diameter have been found,

QuADRULA METANEVRA (Rafinesque), and var, wagpr (Lea),
Simpson, ‘14, pp- 834, 835.

The form wwardi has been separated from typical metamerra
because of its greater compression and greater smoothness, the large
knobs, so characteristic for the main species, being absent or very
slightly developed.
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The true metanevra is restricted mainly to larger rivers. But
occasionally it goes into smaller rivers, but hardly ever into the
headwaters. It has been reported repeatedly from rather small
streams, but then it was generally represented by the var. wardi.
The original localities of the latter are Walhonding River, Ohio
(tributary to Tuscarawas); Wapsipinicon River (Wassepinicon),
Iowa; and Coal River, Logan Co., Va. {tfoal River is now in
Kanawha and Boone Cos., W. Va.). Three specimens from the
latter locality were in the Hartman collection, and are now in the
Carnegie Museum,

Sterki'® reports wardi from Sugar Creek, another tributary of
Tuscarawas River.

Aside from the types of wardi from Coal River, the Carnegie
Museum possesses this form from the Ohio, Monongahela and Alle-
gheny Rivers in the vicinity of Pittsburgh. But these specimens
are not very typical, are rare, and intergrade with the normal
metanevra. They are found, however, at and near the upstream
limit of the distribution of the species. A rather good specimen of
wardi comes from the Liftle Kanawha River at Burnsville. This
again is a smaller stream.

Thus the tendency is observed, when the species enters smaller
streams, to develop a compressed variety. But, in addition, this
variety inclines to obliterate a peculiar sculpture, very character-
istic for the main species, that of large knobs upon the surface of
the shell. This should be kept in mind.

QuADRULA cYLINDRICA (Say). Simpson, ’14, p. 832.

This widely distributed species ordinarily is strongly nodulous,
with great knobs upon the posterior ridge, and the shell is generally
much swollen, Its characters are rather uniform over the range.

However in the headwaters of the Ohio River, in Ohio and
Pennsylvania, and in the upper Tennessee-region, two peculiar small-
stream-races have developed. In the Twscarawas River, in Beaver
River, and French Creek, there is a remarkably compressed form,
which, in addition, is practically smooth, having lost not only the

™ Proc, Ohkio Acad. Sci., 4, 1007,



STATION IN FRESH-WATER MUSSELS. 203

large knobs, but also the nodules,* It hardly, however, forms a
distinct race here, being rare, and passing insensibly into the normal
type.

In the upper Tennessee; there is an analogous form, also greatly
compressed, and without the large knobs. It is, however, not
smooth, but thickly covered with small nodules, even more so than
the normal form. It has been called var. strigillata (Wright).
Simpson (. c.) does not accept this, because there is an “absolute
graduation ™ to this form. Yet in the upper Clinch, from the Ten-
nessee-Virginia state line upward, this variety becomes a pure race,
which is very striking. It is also in Powell River and the North
Fork Holston, but not so well developed.

In this instance, it is clearly seen that analogous, compressed
forms are being developed independently in the upper Ohio and the
upper Tennessee systems, and their independence is shown by the
difference in the character of the nodules: the one is practically
smooth, the other strongly nodulous. But in the disappearance of
the large knobs they agree again.

I shall give here the measurements of the form in the Clinch
River. In the last column, in this case, the name given refers to the
development of the large knobs.

Loc. Mo, Max. Min. Ax,
Edpemoor o e e e 3 35 34 3s oyl
CENEOm. it e ey A | 41 31 10 eyl
Clinch River Station ...... e fi W 34 B eyl
Speers FEITY ..ovvvvnserrssrinss 2 3B 34 35 eyl
Clinshpart ™ oL S sk 35 32 33 cxl. (strig.)
G T N T e S e e 31 3 3t cyl-strig.
Glevkelantd e e L B 3 28 3t strig.
) s e s LU o) ey i sirig.
Bechiand oooilirmiaiaiaie s g Ly 22 30 sirig.
1

Cadar Blaft s il s - S S sirig,

Rorunparia TUBERCULATA (Rafinesque), and R. GraxiFera (Lea).
Quadrula tub. and gran. Simpson, '14, pp. 903, 9o03.
According to Wilson and Clark,'® these two forms show, in the
Cumberland River, the phenomenon that the swollen form (grami-
1% Sterki, Pr. Ohio Ac., 4, "o7, p. 390, mentions this form first.

BT e, "14, p 63
PROC, AMER, FHIL, 50C., VOL. LIX, 5, AUGUST 20, 1920,
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fera) of the lower parts of the river passes gradually into the more
compressed form (tuberculata) of the headwaters, I have not suffi-
cient material to substantiate this by measurements, since all my
material, from the middle Ohio upwards, and from the upper Ten-
nessee, clearly belongs to the compressed tuberculata-type. But the
general rule, at least, is thus confirmed, that the swollen form,
granifera, is not found in the upper course of these rivers.

Groupr oF LEXINGTONIA DOLABELLOIDES IN THE UrPEr TENNESSEE-
SYSTEM.

The dolabelloides-group is common in the upper Tennessee, and
also in the Tennessee-drainage in Alabama, and I again distinguish
a swollen and a compressed form, the first in the larger rivers, the
second in the headwaters. They pass gradually into each other,
and the line drawn between them, at the diameter of 50 per cent.,
again is artificial. The nomenclature and synonymy is as follows :**

1. LExixcToN poLABELLOIDES (Lea).—Dlia. 50 per cent. or over.
Unio dolabelloides Lea, '40 (Holston R., Tenn.).—Plewrobema dol.
Simpson, ‘14, p. 752.
Dia. (Lea): 63 per cent.; (Simpson) : 67 and 7I per cent.
Unio thorntoni Lea, ’s7 (Tuscumbia, Ala.) —Recognized as syn-
onym by Simpson.
Dia, (Lea) : 66 per cent,
Unio mooresianus Lea, '57 (Tuscumbia, Ala.).—Synonym, accord-
ing to Simpson.
Dia. (Lea): 67 per cent.
Unio recurvatus Lea, 71 (Tennessee R.; Holston R.).—Synonym,
according to Simpson.
Dia. (Lea): 63 per cent.
Uino circumactus Lea, '71 (Florence, Ala.; Holston R., Tenn.).—
Synonym, according to Simpson.
Dia. (Lea): 58 per cent.
Unio subglobatus Lea, '71 (Florence, Ala.; Nashville, Tenn.).—
Synonym, according to Simpson.
Dia. (Lea) : 73 per cent.
18 See Ortmann, Proc. Amer. Philos. Soc., 57, "18, pp. 545, 546.
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2, LEXINGTONIA DOLABELLOIDES CONRADIT (Vanatta) —Dia. less
than 50 per cent,
Unio maculatus Conrad, "84 (Elk and Flint R., Ala.).—Pleurobema
maculatum Simpson, '14, p. 737.
Dia. (Simpson): 46 per cent.
Pleurobema appressum Simpson, '14, p. 747 (Tuscumbia, Ala.:
Tennessee and Holston R., Tnnn.).
Dia. 47 per cent.
I submit here the following tables:

Loe. No, Max. Min, Av.

Tennessee River.
ey ey S R R S e T &2 67 dolab.
Bradgepart: Conita il a0 s IR By 6o dolab.
Rathbarn ries cevcs s, 1 T T dolab,
French Broad River, Boyd Creek. 2z 61 zg 6o dolab,

Clinch River.
] A e ] dolab.
L o e i T e T e 4 T4 & =2 dolab, (conr.)
e MR Sy 50 50 50 dofab.
Clinch River Station ......ceceus 1 44 44 44 conr.
Clinehport i vararine L Ed3i 4 4+ conr.
SEiPanl s e 45 45 45 CONF,
(S F T (el I G e 5 40 30 40 conr.
e S e 6 30 34 36 CONF,
Rachland ' ToSin sl Sl n o S A Ta8) R COnr.
Cedar Bloff ol s ssloeis = 390 36 3 conr.

Similar conditions prevail in Powell River, where no dolabelloides
have been met with, and where the percentage of conradi drops to
37 at Big Stone Gap.

Remarkably enough, I did not find this shell in the Holston
proper (a case parallel to that of Fusconaia edgariana), but it is
present again, in the shape of conradi, in North and South Fork
Holston, and again the law is evident here. This is shown in the
following table,

Loc. No. Max. Min. Av.
South Fork Holston River.

Bluff City .ovvvvvesersriieinenns 4 43 40 41 conr.
Emmett ..covciriivenrsreanacass I 42 42 42 conr.
157 T BT e e R S I 37 37 37 conr.
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North Fork Holsion River,

Hotherwood ... e nn s | 40 40 40 CORF.
2T e e e L A 2 42 41 415  conr.
BIERAOTE . < e R el a6 40 COnT.
01T ) RN e L conr,

Finally, I am able to tabulate the conditions in Paint Rock River
in Alabama. It should be remembered that, in the main river in
this region, dolabelloides is present with the average dia. of 67 and
6o per cent., and the minimum of 54 per cent,

Loc. No. Max. Min. Awv
Mew Hope o o et et iy g L g™ iy dolab, (conr.)
Paint Rock ....... Pk Ak 10 57 . 45 conr. (dolab.).
Princeton: & s a it ane 7 44 3B 40 conr.

This last series completely connects the two forms, which con-
nection was not so evident in the lower Clinch on account of the
scarcity of material.

Grour oF PLEUROBEMA CORDATUM IN THE UPPER OHIO-DRAINAGE.

This is an extremely difficult and polymorphous group on ac-
count of the complexity of conditions and the variability of other
characters of the shell, besides obesity. I have indicated, in a gen-
eral way, the main phases of this species.® But most of them may
be dismissed for our present purposes. Yet there are two of them,
Pl cordatum catilius and Pl cordatum coccineum, which clearly
submit to the law, as will be demonstrated in the tables.

The synonymy of these forms is as follows (It should be noted
that I call the main species cordatus (Rafinesque), and not obliguum
(Lamarck) : the reason for so doing will be given elsewhere).

1. PLEUROBEMA CORDATUM CATILLUS (Conrad)—Dia. 50 per
cent. or over.
Unio catillus Conrad, '36 (Scioto R., Ohio).
Dia. (Conrad): 51 per cent.
Unio solidus Lea, "38 (Ohio R., Cincinnati ; Mahoning R., Ohio) —
Quadrula solida Simpson, '14, p. 885.
Dia. (Lea): 60 per cent. Of the four specimens measured by
Simpson, only two belong here with the Dia. 58 and 59 per cent.

20 Ortmann, "18, p. 547 ff.
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Unio coccineus Lea, "38 (Ohio R., Marietta; Mahoning R., Ohio;
Columbus, Ohio).
Dia.: 53 per cent.

Unio fulgidus Lea, '45 (Alexandria, La., probably a mistake).
Dia.: 6o per cent.

2. PLEURDBEMA cORDATUM coccINEUM (Conrad).—Dia. less
than 50 per cent.
Unio coccinens Conrad, '36 (Mahoning R., near Pittsburgh).—
Ouwadrula coccinea Simpson, 14, p. 833.
Dia. (Conrad) : 37 per cent.; (Simpson) : 43, 46 per cent.

. Loc No. Max, Min. Aw.
Ohio Rwver.

Pormoeth S s e 2 07 g5 615 cal
a1 e e e e 3 064 35 B0 cat.

T T e R 4 bB7 50 83 cat.
T T e s e T R T T cat.
Cooks Feery oiviviisiesinsnsans 14 65 50 57 caf.
Iy cat b e e e — 10 64 52 57 cal.
COTIODONBT o viaeswe s e baywam's 1 Bl 51 51 cal.

Allegheny River.

T vy 1 e b S SO e o oot Sl R 6 56 ] caf.

P T b e R R R e 36 i3 54 caf.
Godbrey Clicioiishniiasiae e it 54 cat, (coee.)
Jobnetta ..icaiiieas i e 1 55 55 55 cal.

L e e e Sl B S cal. (coce.)
T Py e 1 i Y. Tl B W cal. (coce.)
Walnot-Bend i 1 6 56 56 caf,
1 r R By R e R | 47 47 47 cOCE,

1 = e i e e e i e e e T T - 40 coce. (cat.)
Ty g e B o Dl B T 2 54 & 515 caf. (coce.)
) By 07 e o e e e 12 51 44 47 coce. (catl.)

Thus catillus does not entirely disappear in the headwaters of the
Allegheny River. This is different in French Creek, which goes
into the Allegheny above the station of Templeton in the last table,
where the average diameter is 51 per cent.

Loc. No.* Max. Min. Aw
French Creek (follows Templeton).
TTEICR | 1 e i sags doaai e s s 8 52 15 43 coce., (cat.)
Cambridge Springs ...... T T e cace.
Conneauttee Creek, Edinboro .... 1 41 41 41 coce.
Leboeuf Creck, Waterford ...... 3 43 3B coee.
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I have also a very interesting series from the Beaver drainage.
Just below the mouth of Beaver River, in the Ohio at Industry, pure,
eatillus is present with the average diameter of 57 per cent.

Loc. No. Max. Min  Av.

Beaver River.
WARIPIRY, - 0 0ie i s oS n e R =TS Y 48 53 cat. (coce.)

Mahoning River.
Mahoninglown ....oceecotones o 3 53 45 50 cat, (coce.)
Coverts it e e o Sy =] 50 50 cal.
Leavittsburgh' ... . .. 0. 0. 3 49 46 a7 coce,
Newton Fally oot o1 41 41 41 coce.

Shenango River (follows Wampum).

Harbor Biielge it e 3 48 43 46 cocre.
Pulaaki rominishoms o st bin g g 45 41 43 coce.
Sharpayille: b e 43 43 coce.
Clatkemilln s i vrysses: O B3 4T 47 coce, (cat)
ST LT R e S WSS 5 49 42 46 coce.
A EOWI s S e i e e X 48 a7 43 coee.

The elevation of the diameter at Clarksville is due to the pres-
ence of a number of quite young specimens. We have learned,
under the group of Fuscomaia subrotundae, that the diameter of
young shells is comparatively greater. Older individuals at this
locality are all pure coccinenm.

Even in a small creek like the Neshannock, the law becomes
visible.

Loc. Mo, Max Min, Avw,
Eamtbeook. S raeiearmay . 8 L4z 36 40 coce.
Meshannock Falls ............... 3 48 3 4 €oce,
R P ot 7 G+ LR (O coce.
L Tt | 40 36 3B coce,

Similar conditions prevail in the Monongahela drainage. At
Charleroi, the form catillus is rather pure. From farther up I have
only scanty material, but at the mouth of Cheat River, at Cheat
Haven, catillus is present (diameter about 50 per cent. or slightly
more). From the West Fork River I have only specimens of
typical coccinenm, all with the diameter below 50 per cent.
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Group of PLEUROBEMA OVIFORME IN THE UPrPER TENESSEE-
DRAINAGE.

Great confusion has prevailed hitherto with regard to the shells
belonging here. In a previous paper I have tried to bring order
into this group,® and have divided it into three subspecies, because

1 Pr. Amer. Philos. Soc, 57, "18, p. 550 ff.
the oldest name given was applied to a form intergrading between
the extremes. The synonymy is as follows.

I. PLeuroBEMA oviFoRME (Conrad).—Dia. 40 to 49 per cent.
of length.
Unio owiformis Conrad, '34 (Tennessee).—Plenrobema oviforme
Simpson, '14, p. 745.
Dia. (Simpson) : 43 per cent.
Unio ravenelianus Lea, "34 (French Broad R., Asheville, N. Car.)
—Plewrobema rav. Simpson, '14, p. 796.
Dia, (Lea): 43 per cent.; (Simpson): 40 and 43 per cent.
Another specimen measured by the latter has 50 per cent.
Unio lesleyi Lea, '60 (Kentucky, Tennessee).—Pleurobema lesl.
Simpson, '14, p. 744.
Dia. (Lea) : 43 per cent. Specimens measured by Simpson give
31 and 39 per cent., and, consequently, do not belong here,
Unio ornatus Lea, '61 (Alabama).—Flewrobema orn. Simpson, '14.
p. 746.
Dia. (Lea) : 43 per cent. ; ( Simpson, supposed type) : 44 per cent.
Unio clinchensis Lea, ’67 (Clinch, French Broad, Holston).—Pleu-
robema clinch. Simpson, '14, p. 743.
Dia. (Lea and Simpson) : 44 per cent,
Unio conasaugaénsis Lea, '72 (Conasauga Cr., Monroe Co., Tenn.),
—Plewrobema con. Simpson, '14, p. 800,
Dia. (Lea) : 45 per cent.; (Simpson) : 40 per cent.
2. PLEUROBEMA OVIFORME ARGENTEUM (Lea)—Dia, less than
40 per cent.
Unio argenteus Lea, '41 (Holston R., Tenn.)—Pleurobema aryg.
Simpson, '14, p. 798.
Dia. (Lea) : 38 per cent.; (Simpson) : 32 per cent.
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Unio striatissimus Anthony, '65 (Tennessee).

Dia. 30 per cent. ' :

Unio planior Lea, '68 (Tennessee; Holston R., Washington Co.,

Va.).—Pleurobema planius Simpson, '14, p. 302.

Dia. (Lea): 35 per cent.; (Simpson) : 33 per cent.

Unio brevis Lea, "72 (Conasauga Cr., Monroe Co., Tenn.).—Pleuro-

bema breve Simpson, '14, p. 800,

Dia. (Lea) : 35 per cent.; (Simpson) : 36 per cent.

Unio swordianus Wright, 97 (Powell R., Lee Co., Va.).—Pleuro-

bema sword. Simpson, '14, p. 757.

Dia. (Simpson): 40 per cent. These measurements are taken
from an extremely obese specimen. Other specimens in the original
lot all fall below 40 per cent.

3. PLEUROBEMA OVIFORME HOLSTONENSE (Lea)—Dia. 50 per
cent. or over.

Unio holstonensis Lea, "40 (Holston R.).—Plewrobema holst. Simp-

son, '14, p. 739

Dia. (Lea) : 54 per cent.; Simpson) : 50, 56, 58 per cent.

Unio mundus Lea, '57 (Tennessee R., Ala.).—Synonym to holston-
ense, according to Simpson.

Dia. (Lea) : 64 per cent.

Unio tesserule Lea, 61 (Nolichucky R., Tenn.).—Pleurobema iess.

Simpson, '14, p. 740.

Dia. (Lea and Simpson) : 64 per cent.

Unio pattinoides Lea, '71 (Clinch and Holston).—Synonym to
holstonense, according to Simpson.

Dia. (Lea): 51 per cent.

Unio acuens Lea, 71 (Tennessee R., Concord, Tenn.).—Pleuro-

bema acuens Simpson, '14, p. 746.

Dia. (Lea): 55 per cent. Simpson’s measurements give 48 per
cent., and thus belong to typical oviforme.

Unio lawi Lea, "71 (Tennessee R., Tuscumbia, Ala., Holston Ry—

Synonym to holstonense, according to Simpson.

Dia. (Lea) : 56 per cent.

Unio bellulus Lea, *72 (Holston R.; Tennessee R., Mussel Shoals,

Ala.).—Synonym to holstonense, according to Simpson.

Dia. (Lea) : 64 per cent.
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Tance ofF THE Forums oF THE OviForMEe-Group,

Lo, No. Max.

Tennessee River.
O s 1 55
Hathbura™ oo an i rman . 57
Chots Shoals .o o rciine: 20 " B
Little River Shoals ....cccenuee gt Cy

Holston River.

i T
=

T e e A e R

1 Lo [T TR R A e ) 6 48

Taclen W s g Sy 41

MNoetoi ol e e oy a7

Halshon, SRBon- .. ioviminsssss 1 44
South Fork Holston River.

Paotolus " oolcniieien s T e S

B LR oo e e i h et wramd e a8

Emrnett s e e e L To A

BRYTON. s e e e d e 1 k1]
Middle Fork Holston River.

CRIBOWTE: .. Lo e ronnte it g 38

Min.

35
56

54
46

48
44
41

38

31

A,

35 holst,
565 holst,
54 holst,

485  ovif. (holst.)

40.5  owif. (holst)

46 ovif,

41 ovif.

47 ovif.

44 ovrf.

4z ovif, (argent.)
ar argent.

36 argent. {owif.)
38 argent.

35 argent.

Watauga River (just below, at Pactolus, there is oviforme (argenteum,

av. 42 per cent.).
Loc. No. Max.
WRHIES o onvinsnisonrnsnsainss B 30

Mimn.

a3

Av.
36 argent,

North Fork Hﬂh‘l‘all River (at Holson Station is oviforme, 44 per cent.).

Loe, No. Max.

Rotherwood :oiiiiiiirniniie. 100 46
O S = s s pe it s o8 i
d T R g o | B
ot T e e B T

Big Mocasin Erfr}'.- (above Rotherwood).
Loc, No, Max,

Mocaesin GaD ... iirisriaiiies: T2 30
Willow Springs .......oeeessnses. 5. 30
Clinch River.

hoe |-y Tera] RNk, I | W 53
e sty i e i 45
LR T R e D B R e 47
Speers- Fermy ciicinandinniiie 20 a8
CHnehporE Giisrirismrrierasans B L4
g T Bl e ekl e e e T
B e s ke ta's 2 30

Clewsland: Soiiiianinaciniss 10 47
T e R B e 5 43
Richland e revesrnnsramcenrsnnse | B 4L
Codur - BHET o v rivrsrasonainss 32 or il

Min.

20
32
34
32

Min,
a3
30

BRBBRERBRE Y

Ay,

38 argent. (ovif.)
38 argent. (ovif.)
30 argent. (omif.)

35 argent.

A,

35 argent.

34 argent.

53 holst.

44.5 omif.

42 owif. (argent.)
a7 argent.

4 ouif.

37 argendt.

37 argent,

40 ovif. (argent.)
39 argent. (ovif.)
36 argent. (owif.)
v argent. (owif.)
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There are some irregularities in the Clinch, which may be ex-
plained by insufficient matrial. The form oviforme goes up to the
uppermost locality, but it becomes rare in the headwaters; and
further, it may give way entirely to argenteum above Cedar Blufi.
The decease of obesity is noted chiefly in the minima.

In Powell River, oviforme alone or associated with argenteum
goes up to Olinger. However, at Big Stone Gap, among ¢ speci-
mens, the max. was 38 per cent., the min. 31 per cent., and the av.
35 per cent.: pure argenteun:.

The same law is observed in other tributaries of the Tennessee
system in East Tennessee. In French Broad River at Boyd Creek,
oviforme prevails, with occasional holstonense. In the mountains
at Asheville, the average diameter was found to be 44 per cent.
(oviforme), with occasional argentenum among them. 1 have ex-
amined 6 specimens in the Walker collection, labeled ravenclianum,
with the max. of 49 per cent. and the min. of 38 per cent. A very
similar form I collected in Hiwassee River at Austral; in 8 speci-
mens the max. was 52 per cent., the min. 43 per cent., and the av.
48 per cent.: these represent oziforme with occasional holstonense.

Also in northern Alabama and the adjoining parts of Tennessee
I have found evidence for our law, as is shown by the following

instances,
Loe. Mo, Max. Min, Av.

Paint Rock River.
L L o e

[F]

35 50 52.5  holst,

AN e e e M LT el ) T I S| TR | ovif.

Brinceton ..ol Gllnllli 5 4T 3D 43 owif (argent )
Elk River.

apetteville: - ey o ienaass 1 44 44 44 ouif.

Bl SPrINgE . vvivssiossesnanns E & 3 3 argent. (ovif.)

Boiling River, Cowan ........... 4 42 36 38 argent. {ovif.)

The last two localities are about equivalent as to their situation.

GrouP oF PLEUROBEMA CLAVA,

Pleurobema clava is absent in the upper Tennessee-region. It
turns up, however, in the Tennessee drainage in northern Alabama,
Yet my material is too scanty to form an opinion as to the interrela-
tion of this form with oviforme. PL clava is abundant in the upper
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Ohio system, and on account of its close affinity to PL oviforme,
we might expect to find our law expressed. But the fact is that in
this region no large-river-type is present, Pl. clava avoiding larger
streams. Measurements of the material at hand have furnished no
evidence for a change of obesity correlated with station. The
measurements correspond roughly to those of the typical oviforme
(between 40 and 50 per cent.), and there is also no form parallel to
argenteunt.

I also have investigated material from the Coosa River in
Georgia and Alabama belonging to Plewrobema decisum (Lea) and
Pl. chattanoogaénse (Lea). These two species undoubtedly repre-
sent the clava-group and the typical oviforme. Very slight evidence
was found of a change of obesity according to station, yet some
indications of it were present. The lowest figures for the average
diameter were obtained in specimens from Conasouge River in
Whitfield Co., Ga.; the highest figures in the lower reaches of
Coosa River in Chilton and Elmore Cos,, Ala. Yet the differences
are slight at the best (max. 55, min. 38 per cent.), and the irregu-
larities are many. Also the material is very unequal as regards the
number of specimens measured from one and the same locality.
Thus I pass over these forms, only calling attention to the posibility
that the existence of the same law might be demonstrated also in
these cases.

Dromus proMAs (Lea) and Dr. pRoMAS CAPERATUS (Lea).
Simpsen, '14, pp. 341, 343.

Wilson and Clark ('14, pp. 54, 63) have first pointed out that,
in the Cumberland River, these two forms run together, and that
the flattened caperatus is in the headwaters, and the swollen dromas
in the main river (see also Ortmann, "18, p. 566).

In this species, conditions are somewhat complicated by the fact
that the swollen form has also a peculiar * hump,” or large tubercle,
upon each valve, which becomes more or less obliterated in the flat
form, being often entirely missing. Thus it is rather hard to draw
a line. We may assume, that D. dromas is the swollen type, with
the diameter of 50 per cent. or over, and a well-developed hump;
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while D. dromas caperatus is the compressed form, with the di-
ameter less than 50 per cent., and without hump. But we must bear
in mind that some moderately swollen individuals have no hump;
and that, more frequently, flat specimens may have more or less
distinct traces of this hump.

The original measurements taken from Lea, Conrad, and Simp-
son, give for the typical form a diameter ranging from 50 to 84 per
cent., while the diameter of caperatus ranges from 42 to 48 per cent.

I am able to submit the following table,

Loe. No. Max. Min. Awv.

Tennessee River.
Tuscumbia’ i e ssavaruaavany 4 @ 74 By 66 drom,
AT S | P i e B R S el S T drom,

Holston River. .
McMillan ...... e TR B 6% man - drom.
7T L S e S o Sl | R 43 52 drom. (cap.)
Hodges | o f s i el g 8 50 55 drom,
Tacley MHL S O a i ees B 0 52 &g drom.
oy [ o e B S R e e 1 48 48 cap.
Holston Station .....ceesesseees 3 56 47 52 drom. (cap.)

Farther up in the Holston, this species has not been found. Itis
clear that the form caperatus is not well developed here, and this is
also shown by the fact that traces of the hump are found to the
uppermost station, although, on the other hand, already one of the
specimens at McMillan is without any hump. In the Clinch and
Powell, conditions are more favorable to the development of the
caperatus-type, as is seen in the next table.

Loe. No., Max. Alin. Av.

Clinch Rirver.
T e B W e ST TR ] 4 5t drom. (cap.)
T O A s T R R | cap. (drom.)
LT E ) R P it S B L LR - E - A | cap. (drom.)
OBt .o Sl s ST 40 45 cap.(drom)
Chnch River Station .....cc.zooe 1 46 46 45 cap,

Powell River.
T e A R e BT 46 46 46 cap.
LT e R e el T e 42 42 42 cap.

Combs is about equivalent to Clinch River Station. Also here
the development of the hump is variable, but specimens without it
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prevail at the upper stations. The metropolis of caperatus is clearly
in Clinch and Powell Rivers, toward the headwaters. It should be
noticed that this species does not go very far up in the rivers, and
that it is by no means a small-creek-form.

Grour oF (OBOVARIA SUBROTUNDA IN THE UrPER OHIO-DRAINAGE.

The synonymy of these forms is as follows (see Ortmann, '18,
p- 567, 568, but the name lens has been restored for levigata).

1, OBovaria suBroTUNDA (Rafinesque).—Dia. 60 per cent. or
over.

Obliguaria subrotunda Rafinesque, '20 (Ohio).—Obovaria subro-

tunda Vanatta, '15, p. 552.

Dia. (Manatta): 72 per cent.

Unio circulus Lea, *29 (Ohio R., Cincinnati ; Monongahela R., Pitts-

burgh).—Obovaria circ. Simpson, '14, p. 201.

Dia. (Lea) : 73 per cent.; (Simpson) : 58, 67, 72 per cent. (the
first given by Simpson falls under the variety!).

2, Obovaria subrotunds Iens (Lea) —Dia. less than 60 per cent.
Unio Iens Lea, '31 (Ohio and Tennessee).—Obovaria lens Simp-

son, '14, P- 293. _

Dia. (Lea) : 48 per cent.; (Simpson) : 52 per cent,

The material from the upper Ohio system shows that these two
forms intergrade completely, as I have pointed out already in 1909,
and subrotunda is the large-river-form, while lens is found toward
the headwaters.

Loc, Ko. Max Min. Awv
Ohio River.
L d s e s L T " R Gz siubr, (lens)
ParkersburE. ..vovenrvremconsnnss. B Gz 59 605  subr. (lens)
L T e e 7. & 51 G subr. (lens)
Coraopolis: ....ovissisesssnssneis 5. G4 57 61 subr. (lens)
Monongakela River.
Charlbrol - ccvisiinreirmiessbasns) B 68 E3 60 subr, (lens)
West Fork River.
Lynch Mines ..... B N A . | 56 50 53 lens
Lighthirn +.oocc-sesssnesnsvesse. 3 400 48 4D lens
Weston . .oodiiviie srasaaaaes 2 40 45 &7 lens
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Allegheny River,

i Tig T SN L ke 52 52 52 lens

COREEY. <. 0. .oonne ey B C R C = I
Crooked Creek,

ROSEDT - vvovca i e R s 50 48 52 lens

Creskside: ..., ... SO0l 5 51 4 so lens

The sudden decrease of obesity from the Monongahela to West
Fork River is clearly due to the absence of material from a long
stretch in the Monongahela. Also in the Allegheny the change is
rather abrupt, due to scarcity of material. The gradual transition
of the two forms is, however, quite evident in the Beaver-drainage.

Loc. 1 No. Max. Min, Av.
Beaver River.
Wampmna =20 i s 14 G4 49 =3 lens (subr.)
Shenango River, .
Harbor Bridge .........iiivvie 3 56 50 53 lens
g e e s 58 40 835 lens
Elaiannlle o st - R - R T lens

Also in Elk River in West Virginia this is seen.

Loc. No. Max., Min. Av
Elk River.
BUEHOR ©i  tee  y 6 67 67 subr.
B e R, L B R e TR SRR Y ) T subr.
GANSEWAT .20 tmsusntssnssspsnrse LT 00 =h 1 subr. (lens)
S0 R e S T 33 58 lens (subr.)

Some material from the Little Kanawha also fits into the scheme,
but it should be pointed out that the locality on Hughes River,
although not quite so far upstream as the others, surely is in the
smaller stream.

Loe. No. Max. Min. Av.
Little Kanawha River.

Grantsville ............. e I 2 68 50 6335 subr. (lens)
Brxmeville 200 ol et 5 5 50 53 lens

North Fork Hughes River,
Cotawallis: . .. ...0 e Sy 50 50 50 lens

GrOUP OF OPOVARIA SUBROTUNDA IN THE UPPER TENNESSEE,

In the uppermost Tennessee drainage, Obovaria subrotunda is
extremely rare; above Knoxville, it does not go anywhere into the
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smaller streams, and I have only a few specimens from the lower
Clinch and the lower Holston. These shells are O. subrotunda, as-
sociated with lens of moderate obesity (max. 62 per cent., min. 55
per cent.).

In a tributary of the Tennessee in Alabama, the law again be-
comes visible. Material from Paint Rock River has been examined :
although only the form lens is represented, it shows distinctly a
decrease of the obesity in the upstream direction, and at the lower-
most station specimens are found which are very close to subrotunda.

Loc, No., Max. Min, Av.
Paint Rock River. !
Pant Bodke . e 14 50 46 54 lens
LTI irasins asiie i b 12 53 45 406 lens
) o TR BT i S R S 48 4B 48 lens
Prineebon: e s s e 12 E2 43 49.3 lens

The irregularity at Holly Tree, of course, is due to scarcity of
material.

These are the instances I am able to offer, at the present time,
for the phenomenon that a species changes its obesity along the
course of a river or rivers. [ am quite sure that, in the upper Ohio
and upper Tennessee drainages, there are hardly any other in-
stances of this kind, for I am very familiar with these faunas.
There is only one additional species both in the Ohio and Tennessee
drainages, Lampsilis ovata (Say), which develops a variety, L. ovata
ventricosa (Barnes), which prevails towards the headwaters, and is
exclusively found in certain smaller creeks. These forms, however,
do not so much differ in obesity, but in other characters (develop-
ment of posterior ridge and truncation of posterior slope).

Also possibly some species of Truncilla might show the same
changes in obesity (Truncilla torulosa (Raf.), turning, in the upper
Ohio into Tr. rangiana (Lea), and in the upper Tennessee into Tr.
gubernaculum (Reeve)).  But these require further study.

I have no doubt that in other river-systems other species or
groups may be found which are governed by the same law. But,
on the other hand, there are surely other forms which positively do
not follow i, and exhibit the same obesity all along the course of a
river in which they are found.
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This can be tested, of course, only in such forms which have a
wide distribution, and are found both in large and small rivers. 1
have measured a number of such, but did not find any evidence for
our law in the following cases. .

Elliptio dilatatus (Raf.).—Distribution tremendous, equally
abundant in large rivers and small streams: but no trace of the law
obzerved,

Strophitus edentulus (Say)—The same wide distribution in all
kinds of streams, but no evidence of the law.

(Tt should be noted that no species belonging to the subfamily
Anodontinas has shown, so far, any evidence of submitting to this
law.)

Ptychobranchus fasciolare (Rai.).—The same holds good for
this species as for the two preceding ones.

Actinonaias carinata (Barn.) (= Nephronaias ligamentina).—
Although not going into the smallest headwaters, this species is
found in smaller and larger rivers, but no change of obesity is
observed.

Eurynia recta latissima (Raf.).—Has a very wide distribution
from the large rivers well up into the headwaters, but is remarkably
uniform in obesity.

Lampsilis siliguoidea (Barn.) (= Iuteola) —Practically ubiqui-
tous in the interior drainage (although missing in the upper Ten-
nessee). No relation observed between size of stream and obesity,
although the shell is very variable.

Lampsilis fasciola Raf. (= multiradiata). —Practically every-
where in the interior drainage, but obesity not responding to station.

Truncilla triqguetra Raf—Of wide distribution, and in streams
of various size, but without marked change in obesity,

Truncilla capseformis (Lea)—Widely distributed and common
in the upper Tennessee region, found in small creeks and large
rivers, but uniform in the convexity of the valves.

In addition it should be remarked that in none of the species be-
longing to the Atlantic drainage this law has been observed to exist.
This is most evident in the common Elliptio complanatus (Dillw.).
This is found practically everywhere, in large rivers as well as in
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small streams, and varies greatly in obesity. But nocorrelation
between the diameter of the shell and the size of the stream has
been discovered.

~ In the tables given above, one character has been brought out
preéminently, that is obesity, or diameter of the shell as related to
length.

But, in addition, another fact has been discovered, which is the
following. .4 shell which decreases in diameter in the headwaters,
makes up, so to speak, for the loss by a gain in sise, that is to say,
in circumference, and this is best expressed by the total length of
the shell. The latter not having been given in the tables, I supple-
ment this here for the several species discussed.

The following maxima of length have been observed (the large
river form is given first; the headwaters form in the second place).

Fusconaia subrotunda: 107 mm.; F. subr. kirtlandiana: 133 mm.

Fusconaia pilaris: 70 mm.; F. pil, lesueuriana: 84 mm.; F. pil. bursa-
pastoris: 100 mm. (Simpson gives even 110 mm. for the last
one).

Fusconaia flava trigona: 67 mm.; F. flava: go mm. (This is not
everywhere so striking, for locally the typical fleva appears as a
dwarfed race, as for instance in Crooked Creek in Pa., where
the largest specimen is only 74 mm. long, but longer yet than the
largest trigona.)

Fusconaia cuncolus appressa: 63 mm.; F. cuneolus: 68 mm.

Fusconais edgariana: 63 mm, ; F. edg. analoga: 70 mm.

Fusconaia barnesiang tumescens: 67 mm.; F. barnesiana: 77 mm.;
F. barn. bigbyensis: 86 mm.

Lexingtonia dolabelloides: 56 mm. ; L. dol. conradi: 68 mm.

Pleurobema oviforme holstonense: 58 mm.; P. oviforme: 68 mm.;
P. ovif. argenteum: gb mm.

Obovaria subrotunda: 50 mm.; O. subr. lens: 67 mm.

Only in Pleurobema cordatum calillus and P. cord. coccineum
this phenomenon is not evident, and it could not be established in the
case of Dromus dromas and caperatus. For the others, as may be
seen by the above figures, it stands out as a striking fact, and cannot

PROC. AMER. PHIL. 50C., VOL. LIX; T, AUGUST 20, Ig20.
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be due, by any means, to accident. Thus we must accept it as
demonstrated, that in most shells which show a decrease wt diameter
in the upstream direction, this decrease is compensated, to a degree,
by the greater size of the shell as expressed by its length.

Further, we have seen in certain forms (Quadrula metanevre
and Qu. cylindrica, Dromus dromas), that a peculiar kind of sur-
face sculpture, namely large knobs and tubercles, tend to disappear
in the headwaters. This is also connected, more or less distinctly,
with a flattening of the shell. It would be interesting to discover
additional cases of this kind, and may be found in Truncilla torulosa
and gubernaculum of the upper Tennessee. But it surely is not a
general law, since there are other shells, which show no change in
sculpture along the course of a-river, and since there are other in-
stances, where the opposite seems to be the case. The group of
Amblema plicata seems to belong here, where a strongly sculptured
and flat form (4. costata) belongs to the headwaters, while a
smoother and more swollen form (peruwiana) is in the largest
rivers.™

In this connection it should be pointed out, that a similar case is
known in the freshwater Gastropod fo. The facts have been posi-
tively established by C. C. Adams®; a tuberculated or spinose form
(Io spinosa Lea) is found i