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SOME ASPECTS OF MODERN
’ “ SPECTROSCOPY!

SEVENTEEN years ago, at the meeting in New York,
some of us had the pleasure of listening to an address
entitled “Fact and theory in spectroscopy,” given to
this section by its retiring chairman, Professor Henry
Crew. It included a comprehensive and enlightening
survey of atomic theory and of the requirements im-
posed upon any successful atomic model by the faects
of spectroscopy known at that time. In the light of
more recent work on this subject, it may be inter-
esting to look at this same field, and consider in part
the contributions of spectroscopy to atomic theory in
this interval.

Your first reaction to such a proposal is perhaps a
very natural fear that the territory to be covered is
so vast that you must suffer an exhausting experience
in being dragged over the whole of it, or be whisked
about from point to point at a speed that will not
allow you to enjoy the comforts of leisurely travel. Let
me say at once that we shall view but a small corner
of this domain, and, since I am to choose the route,
it shall be from a standpoint with which until quite
recently comparatively few were acquainted, but
which nowadays is starred in the atomic Baedeker,
and has suddenly achieved an enormous popularity.

Tt is with a certain sense of satisfaction that the
experimental spectroscopists may legitimately regard
their labors in the recent past. Twenty-five years ago
there were those who said that the spectra of all the
elements had been “done” by Kayser and Runge, and
that there remained in this field nothing more at-
tractive to seek than the next decimal place in wave-
lengths. In spite of such pessimism, important ad-
vancées began to be made, of which a few might be
mentioned at this point. These years brought us the
best part of the work of that gifted and brave spirit,
Walter Ritz, whose early death was a very real loss
to science. He gave us his famous combination prin-
ciple, which first demonstrated the importance of
spectroscopie “terms,” now translated into energies
by the Bohr theory. Then came a steady growth in
our knowledge of the series structure in the simpler
spectra, including the interpretation of the “spark”
spectrum as that due to the ionized atom, and the

1 Address of the vice-president and chairman of Sec-
tion B—Physics—American Association for the Advance-
ment of Science, Cincinnati, Ohio.
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discovery by Fowler that this was also a series spec-
trum. A masterly series of researches by Paschen
disclosed the extent and importance of the infra-red
region, and (with Runge and Back) laid down a foun-
dation of fact in regard to the Zeeman effect. Per-
haps the most remarkable single piece of work in
practical spectroscopy was Paschen’s astonishing
analysis of the spectrum of Ne, showing that in all
probability all spectra were series spectra, though
complex, and indicating the path forward in this tan-
gled field. A steady improvement in technique and
the invention of new sources of light have brought
us to our present much improved situation. Never-
theless, it would now be quite reasonable to say that
we are even yet at the verge of an untrodden field,
with many of the most important facts in regard to
the spectra of the elements still unknown.

The study of spectra possesses an unmistakable
charm. We renew annually through our students that
thrill that once came to each of us when we saw for
the first time the spectrum of a luminous gas. What
an enticing puzzle it presented! Here in the study
of these vibrations was a chance to view the actions
of an atom itself, to catch it in the very act of the
performance of its most secret rites. Surely, we used
to say, from the study of these vibrations we may
attack the problem of atomic structure on purely
mechanical principles, just as a blind listener might
seek to deduce the fundamental structure of a musical
instrument from the tones which it emitted. It was
no simple problem, for there were many atoms whose
known gamut of vibrations would put a complete
orchestra to shame in its variety, if not in its range.
Professor Crew left us after his address with a feel-
ing that this problem was far from its solution. One
great principle, which was then accepted by all, is
stated by him:—“The hypothetical radiant atom must
not in its behavior, except as a very last resort, con-
tradict any of the established principles of physical
science, be they mechaniecal, electrical or chemical.”
It was impossible to see how any of the models then
proposed could be satisfactory on this basis.

There are always among us conservatives and radi-
cals. The former, with a wide vision over the past,
continually remind us of the difficulties into which we
shall fall if we abandon those principles that have
already been shown to be useful. The latter are
acutely sensitive to the dilemmas furnished by the
present, and are willing to rush in where the con-
servatives fear to tread, and adopt any new hypoth-
eses that appear likely to bring us a step forward.
No moving machine is complete without motor and
brakes; the motor calls for motion at all costs, the
brakes for caution, or even complete stagnation. It
is illegal to drive without brakes, but impossible to
progress without a motor. Let us not therefore waste
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time trying to assign praise or blame to the con-
servatives or to the liberals in this matter. The fact
is that, as far as progress in atomic theory went, our
machine appeared to be stalled with the brakes jam-
med, until it occurred to Bohr, perhaps “as a very
last resort,” to postulate that there were processes
going on in a radiating atom for which we have no
mechanical models.

According to his theory, as you all know, we must
assume a series of stationary states in the atom dif-
fering frqm one another in their energy content, and
such that when the atom changes from one to an-
other, a quantity of energy is liberated in the form
of monochromatic radiation, whose frequency is pro-
portional to the change of energy involved. It is to
be noted that this theory gives us no definite idea
of how the energy is emitted, how it happens to take
the form of monochromatic radiation, apparently with
all the properties of wave-motion, why its frequency
follows the curious quantum law; nor have we as yet
a definite idea of what the circumstances are which
cause the atom to change from one stationary state
to another. These and other features of the picture
are left blank, to be filled in later on.

There are those who say that man is too finite an
animal ever to be able to comprehend all the myster-
ies of nature. Perhaps in atomic theory we ought to
postulate some fundamental thing or state of affairs
and agree not to attempt to conceive of what lies
beyond. Most of us will, T think, objeet to this aban-
donment of the chase so long as there are complexities

“unsolved. We demand ultimate simplicity on the part

of nature. Theories which are complex and elaborate
are not likely to be long-lived and fruitful. The
charm of the Bohr theory is the simplicity which it
has introduced into spectroscopy; but so long as the
picture it gives us of the atom is complex and full of
apparent miracles, the search for simpler conceptions
will surely continue. Open processes, openly arrived
at, are as desirable here as in politics, and perhaps as
unlikely to be attained.

Bohr has shown it to be profitable to regard the
stationary states as planetary orbits in which the
electron revolves, at least in the case of the simplest
atoms, according to mechanical laws, and the change
from one of these states to another requires the elec-
tron to leave one orbit and fall into some other in a
manner that would be most unbecoming of a member
of a solar system. Perhaps it would be better to de-
seribe the process as one of complete disappearance
in one orbit, and reappearance in the new one, for
there is no clew as to the whereabouts or the actions
of the electron during the change.

I need not here recount the brilliant successes of
this theory: the quantitative calculation of the spec-

{rum of hydrogen, the theory of the fine-structure of
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the lines in the spectrum of ionized helium, of the
Stark and Zeeman effects, and of many matters con-
nected with X-rays, Sommerfeld’s masterly book on
atomic structure shows to what an extraordinary ex-
tent the theory has widened our horizon. After one
swallows the bitter medicine composing its funda-
mental postulates, it is evident that one feels immeas-
urably better. An ordinary spectrum appears in an
altogether new light, with its complexities very greatly
reduced in number, being those only of the various
energy levels. Many of these can be explained by
bringing in precession in the electronic orbits and
taking account of changes of mass due to motion ac-
cording to the theory of relativity.

I should like to apply the brakes for a moment, to
help overcome a slightly dizzy feeling, and gaze upon
the structure which is here presented. Consider, for
example, the relatively simple atom of magnesium.
Two of its electrons are coupled closely to the nucleus
and presumably describing small orbits about it.
Outside of these lie eight more, in orbits oriented in
space with a sort of cubical symmetry; and beyond
these again are two others, describing rather elliptical
orbits, penetrating during each voyage around the nu-
cleus into the internal tangle composed of the rest of
the orbits,and being thrown thereby into a processional
sort of motion whereby the same path is not exactly
followed in successive revolutions. A radiant mag-
nesium atom has had one of its outer electrons re-
moved by some accident to a more distant orbit from
which it returns to its normal position by one or more
diseontinuous jumps, a gradual return being supposed
not to be possible.

This model is a beautiful produet of the human
imagination, a piece of scientific poetry of the high-
est art. Moreover, it has achieved such marked suc-
cess that it must in many important respects be true
and correct. Under these circumstances any criticism
of the theory must be cautiously made, and with full
acknowledgment of the fact that purely destructive
criticism has but little value in itself. Nevertheless,
it is interesting to consider certain aspects of this
atomic model that seem to be somewhat incomplete.

Much thought is now being expended on the prob-
lem of harmonizing this planetary type of atom model
with the more or less static model proposed some years
ago by G. N. Lewis and so conspicuously useful in
the study of chemical phenomena. In an interesting
book on Valence which has just appeared, Lewis him-
self indicates a way in which this can be done. He
would like us to regard the electron’s position as given
by the orbit as a whole, rather than by the actual in-
stantaneous position of the electron itself in that
orbit. He points out, further, that in Bohr’s model
one electron in revolution is apparently unable to act
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upon another with the force which one would expect
it to exert if the two happen to come near one an-
other, but that we shall have to suppose, if I under-
stand him correctly, that the action of the electron
takes place from its average position rather than its
position at any instant. This sounds very much like
regarding the electron, at least while we are consid-
ering its perturbing effect, as though it were spread
uniformly over the whole circumference of its orbit,
in other words, as an elliptically-shaped ring. Such
electrons might then be thought of, except for their
magnetic effects, as static, and the important differ-
ences between the two points of view begin to show
signs of disappearing. On the other hand, many ob-
jections may be brought forward against the con-
ception of ring electrons as large and curious as these
would have to be. The results of experiments on
scattering, the phenomena of radioactivity and of ioni-
zation seem difficult to account for on this view,

It seems to be necessary, as Lewis points out, to
suppose that the electrons in revolution generate mag-
netic fields in the familiar way. It is by no means
evident that a single electron must produce effects of
the same sort that myriads of electrons are observed
to give. We are, perhaps, prone to push analogy too
far. The beautiful experiments of Stern and Ger-
lach, however, in which silver atoms disclosed their
magnetic moments, give a sense of reality to atomie
magnetic fields that they did not possess before. These
fields must have an important part to play in orient-
ing the electron orbits with respeet to each other,
which seems not to have yet been very fully consid-
ered. Also, a conservatively-minded person finds it
odd to have to retain the magnetic field produced by
a revolving electron, while denying the existence of
any radiation emitted by it in a steady state. A ring
electron is again indicated as the only easy way of
harmonizing these two ideas.

There is evidence of an important property of the
electron of which but little account seems to have been
taken in Bohr’s theory. I refer to the tendency, at
least in the presence of an atomic nucleus, for the
electrons to form in pairs. Lewis mentions several
indications of this sort; the stability of the helium
atom suggests itself as an example. Other bits of
evidence pointing in this same direction will be men-
tioned presently. As Lewis shows, a magnetic field
associated with each electron gives us a very con-
venient way of pairing them off, after the manner of
two magnets, which, when free to move, make as inti-
mate a combination as possible by coming close to-
gether. If the magnetic properties of an atom reside
largely in its outer electrons, as there seems now to be
some reason to believe, it is not apparent how Bohr's
atom model makes any use of this pairing action. Of
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course, the nature of the electron itself must be closely
studied in the hope that it will yield the cause of this
remarkable effect.

We must not forget how incomplete our knowledge
still is of the electron. Sir Oliver Lodge has recently
suggested the possibility that light may generate elec-
trons. One might put in the same category the sug-
gestion that “excited” electrons in atoms may be dif-
ferent from normal ones; or that they may cease to
be indivisible when engaged in radiating. However
that may be, we may safely pin our hopes upon the
electron, in the expectation that when its nature is
better known we shall at the same time have a clew
as to the nature of radiation, and the reason for
quanta of energy. Speculations on these matters in
the present state of our knowledge may well be a
waste of time, but in the long run something impor-
tant is likely to result from such an exercise of the
imagination.

We need badly some picture of how the vibratory
features in radiation are produced. A quantum of
energy emitted appears as a train of waves. Appar-
ently no one is yet able to do without these waves.
Certainly no teacher who has to present to his stu-
dents the phenomena of interference and polarization
and their simple explanation on the wave-theory will
be willing to abandon this idea without a struggle,
no matter how badly it may fit with the facts of photo-
electricity, ete. But there is no mechanism in our
atomic model which appears to vibrate, and some
would prefer to leave us no medium in which the
vibrations might travel. Can the electron orbits be
made to serve? The frequency of revolution looks
promising, agreeing as it does in extreme cases with
the frequency of the emitted radiation. Certainly it
seems painful to conceive, as C. G. Darwin puts it,
of an electron with a knowledge of the future, so that
while leaping from one orbit to another it determines
in advance the frequency with which it would be ap-
propriate to radiate, taking into account its final
destination. This is less physics than metaphysies.

Let us not give up the hope that our present atomic
model will be somewhat simplified and that one may
some day be found that will fit the facts without in-
voking the aid of so many non-mechanical processes.
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It is perhaps in this connection a little cheering to
note that whenever established mechanical prineiples
are useful in explaining the behavior of electrons in
atoms, they are freely used. There is in the corre-
spondence principle an admission that they lead us
to the neighborhood of the truth, if not exactly to the
truth itself. .

Releasing the brakes now, for a moment, we can not
fail to admit that the adoption of so much that vio-
lates classical mechanies has brought us very consid-
erably forward and that, since we must progress at
all costs, this may after all be the only possible way.

Leaving now the game of atom-building, let us gaze
again upon those humble toilers, the experimental
spectroscopists, who have all this time been busily
grubbing about in the terra firma of observation, and
have after all succeeded in raising from their labors
the very considerable crop of facts upon which the
theory has been nourished. Recently their numbers
have been swelled by the addition of many workers,
and many of the highest ability. As a result, impor-
tant advances in our understanding of the structure
of spectra are appearing now each month. The dis-
covery of multiplets by Catalan has inspired a num-
ber of courageous souls to attack the more complex
spectra, and it will not now be long before such as
Fe, Mn, Ti, etc., must yield their secrets. The work-
ing rules for the structure of complex Zeeman pat-
terns given us by Landé add enormously to the value
of this phenomenon in furnishing us with a key to the
structure of spectra.

In addition to such major attacks, minor sallies
have been made against the lesser difficulties, some of
which have disclosed matters of interest in connection
with atomie theory. One of these, in which H. N.
Russell and I have been interested, has been concerned
with those curious groups of six lines which oceur in
the spectra of Be, Mg, Ca, etc., and have become
known among spectroscopists as the pp’ groups.
These are formed, in the language of the Bohr atom,
by an electron jumping to the lowest of the triplet
p levels, or orbits (which are involved in the produc-
tion of the strongest triplets in the spectrum), from
some other triple levels which appear to have no con-
nection with the series structure of the spectrum.

Fre. 1.
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We are now able to show, through the recent discovery
of three new groups of this sort in the Ca spectrum,
that these groups belong in a spectrum series of their
own, but that the “terms” (numbers proportional to
the energy in each level) of some of them are nega-
tive. This means that more energy is emitted, when
these jumps occur, than the electron possesses. The
simplest source for this extra energy seems to lie in
the other electron, hitherto supposed to be inactive
during this process. We have merely to suppose that
the second electron also makes an appropriate leap
and supplies the deficiency of energy. This involves
a nice degree of cooperation between the two elec-
trons, whereby the atom as a whole loses a quantum
of energy due to changes in two of its parts simul-
taneously. Such team work has appeared before in
the emission of band spectra from molecules, but
seems hitherto not to have been supposed to be asso-
ciated with atoms. Perhaps another and a better ex-
planation may be found; but, in any case, the occur-
rence of such lines as these with great intensity
indicates that the event which produces them is a
common one.

Among the most remarkable econsequences of the
new theories have been the connection which they have
given us between phenomena at first sight unrelated.
‘Who could, for instance, have supposed a few years
ago that we might now be getting definite ideas about
specific heats and molecular moments of inertia from
a study of the lines in band spectra? Let us pause a
moment over another such matter, the ionization po-
tentials of the elements. The Rutherford-Bohr atom
gives us a definite picture of the process of ionization
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by impact with a wandering eleetron. Experiments
to measure the potential through which the impinging
electron must fall in order to ionize the atom were
begun many years ago, and have been very successful.
Certain difficulties present themselves, however, espe-
cially in making due allowance for the initial speeds
of the electrons, and in some cases in determining in
Jjust what stage of ionization or dissociation the atom
or molecule is left after the impact; and these have
been the cause of undue variations among the observed
values. Bohr’s theory gave us an immediate connec-
tion between the most important series in the spec-
trum of an element and its ionization potential. Ac-
cording to this theory the electron must be removed
from the atom by an impact before it or some other
electron is recaptured and allowed to fall in to the
lowest possible level, thus causing the emission of the
spectrum lines. The energy eV given to the electron
by a fall through the ionizing potential must be equal
to hv where v is the frequency of the limit of the most
important series in the spectrum, i.e., the highest fre-
quency that could be emitted by the atom. Now these
series may be found by purely spectroscopic observa-
tions, and the calculated potential thus compared with
that directly observed by bombarding atoms with ac-
celerated electrons until they are ionized. The odds
are in favor of the spectroscopic results. Witness
their recent triumph in the case of He, where the
discovery of the right series by Lyman disclosed an
error of 0.8 volt in the hitherto accepted value.
Recently additional data on ionization potentials
have been accumulating at such a rate that it now
seems profitable to look for a moment at the curves

oy
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showing the variations of this quantity with the
atomic number of the elements. No originality is
claimed for this mode of presenting them; it has
already been used by Catalan, and perhaps by others.
As has happened so often before, it is in the air.
Such a curve is presented in Fig. 1. In this figure you
may be more conscious of the gaps than of the points
that are filled in. Fig. 2 shows a grouping of the
same points arranged according to the periodic table
of the elements, .e., all the elements of the first column
are shown at points whose abscissae are 1, the abscissae
thus standing for the number of outer, or valency,
electrons in the atom. The scale of volts (ordinates)
has been kept the same throughout, but its origin
shifted arbitrarily so as to prevent the curves from
falling upon one another, and to bring out similari-
ties in form.

Several conclusions can be drawn from these curves.
First, of course, is shown the extraordinary stability
of the inert gases, and next the ease with which the
atom immediately following each one can part with its
external electron. In passing from columns 1 to 2
one is struck by the parallelism of the lines, and the
ionization potential of Be may be predicted from this
diagram with what would seem to be a reasonably
small error. Although the gaps prevent one from
drawing any exact conclusions, it would appear that
there is on the whole a rise of ionization potential
with the number of external electrons between one
alkali metal and the next inert gas, with, however, in
several cases an alternation, giving a zig-zag appear-
ance to the curve. If this alternation is real, it fur-
nishes a bit of evidence to add to the many others
already gathered in favor of the existence of a ten-
dency for the electrons to form themselves into pairs,
so that a third or a fifth is a distinet outsider. The
very nature of the spectra points the same way, for
in the Na family we have pair series which seem there-
fore to be characteristic of a single, rather free ex-
ternal electron; and we meet with these again in the
Al family, probably also in N, and in ionized
Ca(Cat), C*, Sit++, ete.

Certain points on the curves deserve a word more.
The values for O and S are determined from spectro-
scopie observations (Hopfield and Birge) and are,
therefore, probably very close. The value for N
(Smyth) and P (Foote and Mohler) are from direct
experiment and the irregularity which they introduce
into the curves is suspicious. The difficulties involved
in such experiments make it possible to hope that later
observations will smooth out this part of the diagram.
Spectroseopie indications would place the point for
N somewhat above Smyth’s value (say 12 volts or
thereabouts), and his method of determination may
perhaps be reconciled with such a change. The value
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for P is by analogy with recent work on N probably
the ionization potential of the molecule rather than of
the atom. One would not anticipate a value for the P
atom which was higher than that for N. The points
for Cr, Mn and Mo are from recent work by Catalan;
for Au from Thorsen’s recently discovered series; for
Ti from unpublished work by Russell. In some of
these cases the value is uncertain within a small range,
indicated on the diagram. The points for A, Kr and
Xe are from a very recent paper by Sponer, and that
for Bi from a note just published by Foote and others
in Nature. This same note indicates that the point
for As should be placed a little lower. The point for
Se is suspicious; one would expect a lower value for
this element than for O and S.

The ionization potential of Si entered on this eurve
is intended to lie between 7 and 7.5 volts, with a prob-
able value near 7.2. It is determined from observa-
tions on the spectrum, which show that there occurs
in Si a persistent line at A2881 bearing all the signs
of being an “ultimate” line and the first member of
the principal series of singlets of this element. The
second member should lie in a region in which one
suitable line oceurs, and one only, at A2124. A third
line of this series has I think also been found. Mr.
W. J. Cahill is working in the Jefferson laboratory
on several of these spectra, and we hope to be able to
confirm this new series shortly, as well as to give defi-
nite values to the points dotted in vaguely on the
graph from spectroscopie indications for Be, B and C.
Observations on these elements have disclosed a num-
ber of new lines that appear to belong to the normal
atom. The present indications would fix the points
near the situations suggested on the diagram, and it
is interesting to note that if the value here predicted
for C (7 to 8 volts) is confirmed, it indicates no very
special strength in its tetrahedral structure as com-
pared for instance with the great stability of groups
of eight electrons. This point is of interest in con-
nection with Bohr’s discussion of the electron orbits.

It is of interest to note also that the long periods
of 18 elements in the periodic table appear to involve
very small changes of the values of the ionization
potentials throughout the middle of their length, and
the rare earths are not likely to have values that dif-
fer much from one another. Omne may check such
speculations by reference to a number of other facts.
Attention might be called, for instance, to the gen-
eral distribution of the majority of the lines in the
spectrum of an element, as an indieation of its prob-
able ionization potential. It is thus perfectly plain
on inspection that the ionization potentials of Be, B
and C must be fairly high, and that Fe, Ni and Co
can not differ much from one another, and the values
of their potentials must be moderate.
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The study of the more complex spectra is yielding
approximate values for ionization potentials in a few
cases, and also a picture of the way in which the com-
plexities of spectra increase in passing across the
periodic table. With Professor Russell’s kind permis-
sion I mention a conclusion to which he has recently
come, to the effect that the complexities run as fol-
lows: in column I all lines are pairs; in II they are
singlets or triplets; in III pairs or quadruplets; in
IV singlets, triplets or quintuplets; and so forth in
a regular manner alternating and increasing across
the table. Analogy indicates that the fundamental
lines will lie with the least of the complexities, and it
is on this ground that the singlets in Si have been as-
sumed to furnish the ionization potential of that ele-
ment. There are interesting facts now available in
regard to the way in which these complexities widen
out or shrink in passing down the columns of the
periodic table, or across them, or from one element
in the normal state to the same in various stages of
ionization, or from an ionized element to others con-
taining the same numbers of external electrons (but
different nuclei). The facts are unfortunately not
quite well enough known to permit much analysis,
and there is little theory as yet on these difficult re-
lations.

Another spectroscopic aspect of the atomic prob-
lem is furnished by the new atoms created by the
removal of one or more electrons. These are tem-
porary atoms, but their spectral similarities (e.g.,
Al++ and Mg+ with Na, Al* with Mg, etc.) tell us
something about their probable chemical properties,
and their spectral series yield their ionization poten-
tials. Their oceurrence offers a number of attractive
puzzles as yet almost untouched. They appear, for
instance, to have the ability to form temporary com-
pounds, whose existence may sometimes be proved
from band spectra. Somewhat similar is the occur-
rence of molecules in He which are supposed to be
formed by “excited” atoms, i.e., those in which one
electron is displaced from its innermost position to
an outer orbit.

Much praise is due to Fowler and to Paschen for
their recent work on the spectra of ionized Si and Al.
Paschen found it possible to sort out in the spectra
furnished by sparks and other sources those lines due
to Al, to Al* and to Al**, and to show that they
form systems of series requiring four times the uni-
versal series constant N for the atom Al* and 9N for
the series formulae of Al*+. Fowler found in Sit++
series requiring 16N, thus furnishing a striking con-
firmation of a prediction originally made by Bohr.

Finally, in the direction of very short wave lengths,
experiment has recently blasted out new trails which
will doubtless lead us to much that is of the greatest
interest. The work of Lyman, Millikan and many
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others is disclosing the most important radiations of
many atoms, and much more needs to be known, espe-
cially about series spectra in this region, to bring
about a closer connection between optical and X-ray
series in the lighter elements. This is probably, to

.quote a happy phrase of Professor Russell’s, the heroie

age of spectroscopy, and in the next few years we
may hope to have laid a thoroughly sound foundation
for future builders of atomic models. Not until then
at least shall we have begun to emerge from the dark-
ness of ignorance in which we are still plunged, or to
have begun to deserve the name imposed somewhat
prematurely upon our species—Homo sapiens.

F. A. SAUNDERS
JEFFERSON PHYSICAL LABORATORY,
HARVARD UNIVERSITY

ON CERTAIN COURSES NOT LISTED
IN THE MEDICAL CURRICULUM:!

EpucATioN in medicine has changed greatly since
the war. Practically all the good medical colleges
have found it necessary to limit the numbers of their
students on account of the increasing masses of men
and women who seek admission to the various insti-
tutions of learning. This has made it possible for
us here at Cornell to select only those who have the
best educational and personal qualifications. This
selection is difficult, but the dean and secretary have
acquired great skill and we are becoming accustomed
to increasingly enthusiastie reports from the teachers
of the first-year classes. The medical college secures
a much better group of students. The students se-
cure, or should secure, a better understanding of their
indebtedness towards the college. Each one of you
is virtually receiving a scholarship of approximately
one thousand dollars a year, since it costs the wniver-
sity this sum in excess of the tuition fees to furnish
the education that the faculty believes to be essential.
The expenditure of this sum was made possible
through the generosity of the late Colonel Payne, who
endowed our medical college. Your acceptance of its
benefits entails on your part a serious realization of
your obligations to the community. The community
expects not only well-educated conscientious practi-
tioners, but also devoted public servants. If in addi-
tion your class develops, as we expect it to develop;
leaders in the science of medicine, we are more than
repaid for the investment of money and the labor of
teaching.

The year of 1923 marks a change in the policy of
the Cornell University Medical College. The faculty
has realized that the curriculum is overcrowded and
has decided to reduce the number of hours of instrue-

1 An address delivered to the medical students at the
opening of the college year.



