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Visible Sound

Margaret Watts Hughes

“My system, in every part and detail, both in the developing of this
power and in every branch of its utilization, is based and founded on
sympathetic vibration. In no other way would it be possible to
awaken or develop this force, and equally impossible would it be to
operate my engine upon any other principle.”

John Keely, 1888

Sympathetic Vibratory Physics
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The peculiar forms
shown in the illus-
trations of this arti-
cle and which I call
Voice-Figures, have
excited much inter-
est since their recent
discovery, exhibited
in London, England,
at the rooms of the
Musical Associa-
tion, the Royal Insti-
tution, The Royal
Society and else-
where.

In 1885, while seek-
ing means to indi-
cate readily the in-
tensities of vocal
sounds, I first met
with these figures,
and, owing to the
their variety both in
form and produc-
tion, they have since

absorbed much of my attention. The apparatus
I have employed I call the eidophone. This is
very simple. It consists merely of an elastic
membrane, such as thoroughly flexible soft
sheet-rubber, tightly stretched over the mouth
of a receiver of any form, into which receiver
the voice is introduced by a widemouthed tube
of convenient shape. In some cases the receiv-
er may be dispensed with, and the membrane
be stretched across the open end of the tube it-
self.

The accompanying sketch shows different
forms of this instrument that I have found con-
venient for various classes of voice-figures. In
all forms of the eidophone here shown the
disks are circular, but of course other forms
may be used.

My first experiments were made with sand, ly-
copodium powder, or the two substances
mixed. I then tried for the production of voice-
figures, flooding the disk of the eidophone
with a thin layer of liquid; e. g. water or milk.
Upon singing notes of suitable pitch through
the tube, not too forcibly, beautiful crispations

VISIBLE SOUND.
I. Voice-Figures
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flowers at the instant when they spring into
shape, and it seems to me quite as worthy of
notice as the forms themselves. Let me en-
deavor to describe it briefly. With the wet
mass lying in the center of the disk, a sus-
tained note must be sung very steadily, having
been begun with a moderated intensity. The
first effect is that the color-paste gathers itself
more and more closely into a heap in the very
center of the disk. Singing on, and carefully
maintaining an unvaried pitch, I find the next
effect to be that the little heap begins to agitate
itself about its edges. Now is the moment to
increase the intensity of the note, still steady
in pitch; suddenly all around the heap petals
shoot out like those of a daisy from the raised
center, also very like that of the real flower.

appear upon the surface of the liquid, which
vary with every change of tone. A note sung
too forcibly causes the liquid to rise in a show-
er of spray, the movements of which are too
rapid to be readily followed by the eye. To fa-
cilitate observation denser liquids may be
used. By using such liquids as colored glyce-
rin particularly beautiful effects may be ob-
tained. Subsequently I found that by employ-
ing moistened powder of different
consistencies yet another description of fig-
ures appears. The earliest result of my experi-
ments in this material shows centers of motion
from which radiations diverge. But while en-
gaged one day in producing this class of fig-
ures I observed that exactly in the middle of
each of the motion-centers there was a tiny

shape like a forget-me-not flower.

In the course of various attempts to isolate
these diminutive forms I discovered that by
placing upon the disk only a very small quan-
tity of the wet color-paste, and then singing
different sustained notes, a number of little
figures made their appearance in turn.

My next efforts were to see how the voice
would deal with such moist color-paste in
larger quantity, and these resulted in the pro-
duction of the larger-sized floral forms shown
in the [daisy form] illustration.

At this stage I was first able to observe clearly
the remarkable behavior of these voice-
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noticed, too, a complete ring of raised dots,
equidistant from one another, and each of
which is itself probably a tiny center of mo-
tion.

I regret particularly that I have not found it
possible to preserve perfectly the most deli-
cate of these floral forms, as they in part col-
lapse when the moist paste dries.

Further, I may mention that I have also ob-
tained another description of voice-flowers,
distinct from the above mentioned daisy class
both in form and in the manner of its produc-
tion, which may be called a pansy class, with
varieties more like the violet, primrose, or ge-
ranium.

To obtain these pansy forms about the same
quantity of color-paste as for daisy forms must
be placed upon the disk, but with considerably
more water, sufficient water being required to
allow the paste to move freely on it when dis-
turbed by the vibrations of the elastic disk, the
petals seeming to shoot out from the centers of
motion and then to spread themselves in the
water. This class of flower forms usually has
its petals in threes, whether one, two, or more
sets.

In leaving the floral forms I may mention that
great care and delicacy in singing are demand-
ed for their production, which will afford am-
ple training for any vocalist in regard to the
steady sustaining of notes in intensities from

Perhaps it may happen - possibly from the
condition of the color-paste – that the first dis-
play of petals comes out imperfect. If so, then
all that is needed is just to sing the same note
again, but diminuendo, and straightway all the
petals will retreat into the central heap, as at
first. Then the singer may try once more, and
another crescendo will probably achieve the
production of a perfect floral form.

This description of voice-figure I have called
the daisy class, but it includes varieties that re-
semble rather the marigold, the chrysanthe-
mum and the sunflower.

The special feature of this daisy class is a ring
or rings of petals, generally pretty even in
size, surrounding a raised center. The number
of petals may be from six to thirty or more, for
the number increases with every rise in the
pitch of the note sung. They usually appear as
a single layer around the center, but I have at
times noticed two, three, or four layers of pet-
als partly overlapping each other, showing the
same difference we see between our double
and treble garden-flowers and their simple
wild progenitors.

The centers of these daisy forms will also be
found worth examination. I have often ob-
served them rising in two, three, or more tiers
either of circular or starlike shape, with some-
times the topmost tier crowned with a cross.
Round the base of the center I have frequently
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The figures would be circular if they were tak-
en directly from the disk. The spiral or serpent
form in which most of these impressions have
been taken is chosen mainly for the purpose of
bringing within the boundaries of the plate a
greater length of figure than an impression
taken in any straight direction would have in-
cluded. The remarkable perspective effects
shown in most of these spiral figures are, how-
ever, deserving of notice.

It may perhaps be worth pointing out, too, that
in the case of these spiral forms the rule that
the higher the pitch the greater the number of
vibrations indicated is modified by the direc-
tion in which the plate, or disk, or both, may
be moving during their contact, and the rapidi-
ty of the motion.

These mere wave-line impressions are, I think,
the simplest of all voice-figures, and next in
simplicity come what I may call cross-
vibration figures, which speak for themselves
in the illustration.

Both the comparatively simple kinds of fig-
ures just mentioned are obtained by using only
a very slight coating of color, and that so wet
as to occasion little or no adhesion between
the plate, the color, and the disk. We may,
however, alter the conditions by employing a
larger quantity of color-paste. This at once
complicates the matter by introducing adhe-
sion of considerable force between the coated
disk and the coated plate, which, when laid
upon it, adheres firmly, and, accordingly, ad-
hesive attraction combines with the vocal im-
pulses in forming such figures. Shall we call
this a fern form? To produce this it is essential
to sing a peculiar and powerful note at the pre-
cise moment that the plate and the disk, which
had adhered together, are separated.

The last class of voice-figures to be mentioned
here are also plate-impressions, and some of
them are shown in all the specimens of this
class, along with a somewhat curious resem-
blance to miniature landscape pictures. I think
an observer cannot fail to notice one or more
figures that will justify their designation as
tree forms.

the softest pianissimo to a very loud forte, as
every grade of intensity is required in its turn
in order to evoke these forms in their various
sizes, ranging from that of a pinhead to that of
a large-sized daisy.

Here, too, I may say that when notes have
been sung with special force, I have some-
times observed, along with the figures usually
appertaining to those notes, certain additional
curves and forms presenting themselves, and I
am convinced that these latter belong to over-
tones actually produced at the same time, but
inaudible even to a well-trained ear. If correct,
this illustrates the extreme sensitiveness of the
eidophone as a test for musical sounds, detect-
ing and revealing to the eye, as in these cases,
what the ear fails to perceive.

We now pass to a large class of voice-figures
quite distinct from all that we have so far no-
ticed; viz. figures obtained upon plates of glass
or other smooth surfaces brought into contact
with the vibrating disk, both plate and disk
having been coated with liquid color.

In this class of figures I have been much grati-
fied by obtaining very delicate yet perfectly
clear wave-line impressions that constitute an
actual and permanent record of every individ-
ual vibration caused by the voice, each tiny
undulation of the surface of the disk standing
registered with strict accuracy and with a
beautiful minuteness that rivals the lines of a
well-executed engraving.
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Closing now my brief sketch of these voicefigures as, I have observed them, I would add that my
experiments have been made as a vocalist, using my own voice as the instrument of investiga-
tion, and I must leave it for others more acquainted with natural science to adjust the accordance
of these appearances with facts and laws already known. Yet, passing from one stage to another
of these inquiries, question after question has presented itself to me, until I have continually felt
myself standing before mystery, in great part hidden, although some glimpses seem revealed.
And I must say, besides, that as day by day I have gone on singing into shape these peculiar
forms, and, stepping out of doors, have seen their parallels living in the flowers, ferns, and trees
around me; and, again, as I have watched the little heaps in the formation of the floral figures
gather themselves up and then shoot out their petals, just as a flower springs from the swollen
bud – the hope has come to me that these humble experiments may afford some suggestions in
regard to nature's production of her own beautiful forms, and may thereby aid, in some slight de-
gree, the revelation of yet another link in the great chain of the organized universe that, we are
told in Holy Writ, took its shape at the voice of God.

Margaret Watts Hughes

The article on " Voice-Figures" by Mrs. Watts
Hughes gives some very remarkable experi-
ments made by singing into a resonator over
which an elastic membrane is stretched. On
this membrane some substance (sand, paste, or
glycerin) is spread; and when the membrane is
set into vibration by the musical note sounding
beneath it, the substance above gathers itself
together into many wonderful forms. Some
slight explanation of the nature of sound, and
of certain of its phenomena, may be necessary
to make clear to the general reader these ex-
periments of Mrs. Hughes.

A simple conception of a sound-wave may be
gained by the use of a device of Professor
Tyndall. A small collodion balloon filled with
explosive gases is ignited. The report seems to
reach the ear as the flash is seen, but there is a
fraction of a second between them. The sound
has been traveling from the point of explosion
to the ear of the observer. It has not been con-
veyed bodily, as matter shot out from that cen-
ter, nor borne to it by the movement of the air.
If such had been the case, the listener would
have been struck by a hurricane progressing at
the rate of about seventy-five miles an hour.
The wave-motion constituting sound advanc-
es, while the medium in which the wave is
formed – the air – only oscillates. This is true
of wave-motion generally. A cord fastened at

one end, and held taut by the hand at the other,
may be jerked, and a wave will run along it to
the fixed end; the wave progressed, while each
particle of the cord only made a short excur-
sion, and returned to its old position. A puff of
wind, striking a field of standing grain, causes
a wave to sweep across the field. Each stalk
bends forward, delivers up the impulse it has
received to the stalks before it, and returns to
its own place.

In the old days when messages were carried
by relays of couriers, each courier took his
message to a certain point, delivered it up to
another messenger, and then returned to his
former post; the second courier, carrying for-
ward the message, in turn delivered it to a
third; and so on. The message went on, but
each messenger made only a comparatively
short excursion. This is a homely, almost a
puerile, illustration, but it serves to show how
wave-motion is propagated.

When our little collodion balloon was ignited
the gases inside suddenly needed more room,
and this they got by bursting the inclosing
membrane of the balloon and pressing back
the surrounding air in every direction. By this
pressure the particles of air were violently
crowded together in a spherical shell sur-
rounding the center of explosion. The rebound

II. COMMENT.
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of the crowded particles threw them farther
apart than they were normally, thus crowding
back another shell of air-particles outside the
first shell, and leaving the first rarefied; and so
the wave-motion advanced. Sound-waves are
really only alternate condensations and rare-
factions of the air, as water-waves, owing to
the slight compressibility and elasticity of the
water, show themselves as alternate heaps and
hollows.

When a single sonorous impulse or a succes-
sion of irregular impulses is imparted to the
air, noise is the result. The puff of wind across
the wheatfield or the jerk at the taut cord cor-
responds with what we call noise. When, how-
ever, a succession of regular impulses sets the
air into sonorous vibration, and these impulses
succeed each other with sufficient rapidity to
link themselves together in the ear, we have a
musical note. Noise is disorder; music is or-
der. Noise jolts the nerves and the brain; mu-
sic lulls them by its rhythmic swing.

The pitch of a musical note is determined by
the rapidity with which these impulses follow
each other. The lowest musical note which the
ear can hear, as music, is caused by 16 vibra-
tions per second; the highest, by 38,000 vibra-
tions per second. The middle C of the piano
gives, when struck, 264 vibrations a second.
An ordinary seven-octave piano ranges from
33 vibrations per second, three octaves below
the middle C, to 4224, four octaves above the
middle C.

The simplest form of musical vibration is that
generated by a stretched string. It swings to
and fro rhythmically when plucked or set in
motion by a violin bow, and sets the air into
corresponding rhythmic vibrations. It sets
such a narrow slice of air in motion, however,
that to produce any effect the string has to be
reinforced by a body of air in a resonator, as in

the violin and the guitar, or by a sounding-
board, as in the harp and the piano.

A stretched string like a pendulum makes only
a given number of vibrations in a fixed time. It
may seem to move more and more slowly, but
it is only because the excursions to and fro be-
come shorter and shorter; the number of vibra-
tions for the same string or other sonorous
body are always the same. It must be borne in
mind that the length of a string is the distance
between its points of support or “rest," musi-
cally speaking. Touching the frets of a guitar,
for instance, is virtually shortening the string,
and the frets are there not merely to serve as
points of support, but also to secure that the
string may be shortened by exactly the correct
amount by means of the pressure of the
player's fingers. In the piano – which is for
that reason called a fixed instrument – a string
of definite length, density, and tension is made
to correspond to each note, and to give out the
right number of vibrations when its key is
struck.

It is possible to bring about a visual expres-
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sion of musical vibrations, under certain con-
ditions. Take a common piece of board about
forty-two inches long, a piece of fine brass
wire, or, better still, a violin or guitar string
about sixty inches long, a tape-measure, and
two triangular bits of wood an inch and a half
long on the vertical side and with an inch
base. Tack the tape-measure on the board, be-
ginning the yard three inches from the end of
the board, or mark off thirty-six inches on it.
Place a screw-eye at each end of the board at
its middle point, and you are ready for a very
simple experiment which will illustrate the
point better than many words and elaborate
figures. Set up the two bridges, the vertical
sides towards each other (Fig. I), at the ends of
the measured yard. Fasten the wire to one
screw-eye, and, letting it pass over the two
bridges and through the second screw-eye,
weight it by fastening a flatiron on the over-
hanging end. Having put some bits of paper
cut in a Y shape astride the string, set the
string into musical vibration by gently pluck-
ing it at its middle point. It will swing back
and forth past the dotted line which indicates
its position when at rest, taking positions A a
A and A a' A (Fig. 2) in rapid succession. The
paper riders, are thrown by the vibration. Now
touch lightly with the finger the point over the
number 18 and pluck the string at 27. The
light touch of your finger, or even of a feather,
will serve as the fret does on the guitar – there
are now two strings practically half the former
length. Instead of vibrating as a whole, like A,
it first takes the position IB, and then 2B, and
back and forth, going from one to the other
with lightning-like rapidity. It is easy to see
that the middle point of the string is compara-
tively motionless; such a point of rest in musi-
cal vibration is called a node. The riders re-
main on the node, but are thrown from the
vibrating segments. A gave out a certain note;
B, being half as long, gives out a note an oc-
tave above A. Again put the riders on the wire,
touch with a feather the point 27, and pluck
the string half-way between 27 and 36 (Fig. I),
the touch at 27 makes of that point a node, but
besides that it makes a node at 18 and at 9.
The string C (Fig. 2) is practically one-fourth
as long as it was at first; it has four vibrating
or ventral segments and three nodes, and is
equal to four nine-inch strings vibrating to-
gether. Putting the riders along the string you

will see that they settle at the nodes c c' c'' and
are thrown violently off from the vibrating
segments. The apparatus is so rough that the
nodes are not really points of rest, and the rid-
ers may not stay on, but the agitation is mani-
festly very much less at the nodes than on the
ventral segments of the string. With the appa-
ratus described I have succeeded a number of
times in agitating the string so that the riders
on the nodal points remained while those on
the ventral segments were all dismounted.

A string is a very simple vibrating body and
moves only in one vertical plane, but it serves,
for that very reason, as the best illustration of
vibrating segments and nodes.

In the movement of B and C from position I to
2 there is not the violent reversal that there ap-
pears to be – the wave generated by the pull at
a (IB and IC) runs along the string to the end,
and from that point it is reflected back in the
direction 2B and 2C. If the attempt is made to
touch the string, or dampen it, as it is techni-
cally called, at any point not an exact divisor
of 36, the result would have been a joggle, not
a vibration; the wave would not have reached
the far end of the wire in the right phase to be
reflected back regularly.

So far we have only been considering the sim-
plest vibrations, a single wave running back
and forth on a string; but in sound-waves, as
in water-waves, motion is superposed upon
motion, ripples upon waves, in an inconceiva-
ble complexity. If we could produce by the
sonorous body only such simple vibrations as
these we have been examining, all musical in-
struments, including the human voice, would
sound exactly alike, so far as quality is con-
cerned. The only possible difference would be
in range and intensity. We could not distin-
guish the notes of a French horn from those of
a guitar. Simple vibrations constitute only the
fundamental tone, which is the same for the
identical note on all musical instruments.

Tyndall in his book on sound says: “It has
been shown by the most varied experiments
that a stretched string can either vibrate as a
whole, or divide itself into a number of equal
parts, each of which vibrates as an indepen-
dent string. Now it is not possible to sound the
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string as a
whole without
at the same
time causing,
to a greater or
less extent, its
subdivision;
that is to say,
superposed
upon the vibra-
tions of the
whole string
we have al-
ways, in a

greater or less degree, the vibrations of its ali-
quot parts. The higher notes produced by these
latter vibrations are called the harmonics of
the string. And so it is with other sounding
bodies; we have in all cases a coexistence of
vibrations. Higher tones mingle with the fun-
damental one, and it is their intermixture
which determines what, for want of a better
term, we call the quality of the sound." And
again, later on, he says: “Pure sounds without
overtones would be like pure water, flat and
dull. The tones, for example, of wide-stopped
organ-pipes are almost perfectly pure. . . . But
the tones of such pipes, though mellow, would
soon weary us; they are without force or char-
acter, and would not satisfy the demand of the
ear for brightness and energy. In fact, a good
musical clang requires the presence of several
of the first overtones. So much are these felt to
be a necessity that it is usual to associate with
the deeper of the organ shorter pipes pipe
which yield the harmonic tones of the deeper
one. In this way, where the vibrating body it-
self is incapable of furnishing the overtones,
they are supplied from external sources." In
fact, the car demands that each note shall be a
harmonic chord, powerfully dominated by the
fundamental tone though it may be.

The determining value in the overtones of an
instrument was felt, practically, long before
their existence was known in theory. Makers
of  musical instruments learned long ago how
to quench certain objectionable overtones,
even before they knew just what they were do-
ing.

Imagine what the air would look like if it
could be made visible when an orchestra is set

into vibration, with thousands of tones and
their attendant overtones crossing and recross-
ing with infinite complexities of form. The
different notes are not each making its separ-
ate mark, but all have combined, helping or
hindering one another, and coming as a single
full harmony to the ear, where there is a reso-
lution of the composite movement; and this
marvelous “lute of three thousand strings"
takes up the tangled skein of sound, separates
it into its constituent tones, and conveys them
separately to the brain.

The idea of getting a visual expression for mu-
sical vibrations occurred to Chladni, a physi-
cist of the last century. He fastened a plate of
glass by its center, and then, having scattered
some sand over the surface, threw it into son-
orous vibrations by means of a violin bow.
Imagine the delight with which he saw the
sand stir and form into line[s] on the plate,
forming a star of twelve rays. Square plates of
glass or metal screwed or even glued to a cen-
tral support can be made by the merest tyro
with tools, and give wonderful results (Fig. 3).
A plate, like a string, has one rate of vibration
which belongs to it, but again, like a string, by
“dampening” it with a touch of the finger or
fingers in different points along the edge the
note changes and with it the figure made by
the sand. The lines on the plate where the sand
settles are the nodes, the lines of comparative
rest. The violent agitation in the parts left bare
can be shown by mixing a little lycopodium
powder with the sand; this is excessively light,
and is caught in the little whirlwinds of air
generated about the vibrating segments.

The marvelous intricacy of the vibrations of
these plates may be seen from a few figures
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given below, which indicate the lines taken by
the sand when certain notes were sounded on
the plate (Fig. 4).

A little instrument invented by Professor Sed-
ley Taylor, and called the phoneidoscope,
gives a most exquisite illustration of music
made visible. It consists of a tube which termi-
nates in a hollow cup or funnel-shaped en-
largement; over the mouth of this funnel a thin
sheet of metal or pasteboard with a smooth-
edged and symmetrical opening is made.
Across the opening a film of soap-suds is
drawn and left to stand till colors begin to
form. These soap-bubble colors, as is very
well known, are due to the thickness of the
film. In an ordinary soap-bubble they flit over
the surface irregularly. This is because from
the exposed outer surface of the bubble, and
the irregular force which is expanding it from
within, the film is always varying in thickness.
The colors tell inexorably just how much this
variation is at every point of the surface. A
special fluid, made very carefully, is necessary
for experiments with the phoneidoscope, be-
cause the soap-film must thin sufficiently to
show bright colors and yet be strong enough
to stand the vibrations into which it is thrown
by the voice.

When the colors are well established in the
film a sustained musical note should be sung
into the open end or mouthpiece of the tube,
using care not to breathe or blow into it. The
colors begin to move, and, if the note is sus-
tained, whirl into the most beautiful gyrating
figures. Mr. Behnke, in a discussion before the
Musical Association of England, says: "I have
for many years tried to get what help I could
from science in the treatment of the human
voice, and when Professor Sedley Taylor
some years ago brought this phoneidoscope
under my notice I was very highly delighted.
He told me it would be possible by means of a
soap-film to get different figures for different
pitches, for different intensities, and for differ-
ent qualities of tone.... I did not find the pho-
neidoscope answer in practice. In the first
place there was great difficulty about these
films, which would continually burst. In the
second place there was no doubt I did get a va-
riety of figures, and not only that, but a variety
of exceedingly beautiful colors. The experi-

ments were most fascinating; but I did not get
the same figures regularly for the same chang-
es in either pitch or intensity or quality, and
therefore, so far as practical results were con-
cerned, the instrument was of no use.... Of
course it does not follow because we have not
yet succeeded in these matters we never
shall."

We are now upon the very threshold of Mrs.
Hughes's voice-figures, and have reached it by
the same path which brought her to them in
the first instance. Her eidophone is construct-
ed on the same principle as the phoneido-
scope; instead of the frail lamina of soap-suds
she has a stretched membrane of india-rubber
to receive the vibrations, and on this is spread
a thin layer of some pasty substance which
will retain the record made by the vibrations
of the membrane. These voice-flowers are not
the simple visual forms corresponding with
the vibrations of the air set in motion by the
voice. The waves generated in the closed bowl
of the eidophone are reflected again and again
from the sides of the vessel. The volume of air
inclosed has its own rate of vibration; the
stretched membrane has also its own rate,
which in turn is modified by the character and
thickness of the paste spread upon it. Added to
these are molecular forces of cohesion and ad-
hesion between the particles of paste, and
again between the paste and the membrane.
The form which grows into shape is the resul-
tant of all these complicated forces, and, in
some instances, new elements of change have
been added. A glass plate is placed on top of
the vibrating membrane and moved over it.
We have a new body introduced with its prop-
er rate of vibration, besides a mechanical mo-
tion further to complicate the problem.

The results are very wonderful and beautiful,
and open up a field for investigation which is
most interesting, but so far we have the resul-
tant of many forces, not one of which has been
weighed and measured. In a letter from Mrs.
Hughes, replying to some questions asked in
the hope of greater accuracy, she says: “The
notes producing the figures vary necessarily
with the weight of material used and the ten-
sion of the membrane, so that any one note
may, under different circumstances, produce
different figures, and, conversely, different
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notes may, under different circumstances, pro-
duce similar figures."

The daisy forms were sung into shape, she
says, by extremely low notes very softly
sounded, some of them by A in the first space
of the bass clef – a wonderful note to be
reached by a woman's voice, whose highest
note is the B-flat above the treble clef, a com-
pass of over three octaves. Sometimes geo-
metrical forms not given in the illustrations
were produced by the highest notes of her
voice, while the serpent, fern, and tree forms
were made by singing her middle notes with
great intensity.

Mrs. Hughes is first of all a singer, and to fur-
ther her voice culture she entered upon the se-
ries of experiments in which she has shown in-
finite patience and skill. That her experiments
are amateurish rather than scientific is no dis-
credit, for she has opened up a new field into
which the scientist may enter and reach results
of great interest and value.

Sophie P. Herrick


