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BIRTH A N D  GROWTH OF CRYSTALS 

HEN I was asked by the Rice Institute to  deliver a W lecture during a visit of the British Educational Mis- 
sion to  America it was with great diffidence that I accepted 
the invitation, not only because there was little opportunity 
of writing anything worthy of the occasion during a some- 
what strenuous journey, but because I have for  the last ten 
years been entirely engaged upon university administration, 
a subject which would hardly be suitable for  such a lecture. 

I feel that  I should like to address the Institute upon the 
subject of my own scientific work, but, for  the reason which 
I have mentioned, that work came to  an end ten years ago 
and I have neither had time nor opportunity to keep in touch 
with more recent advances in scientific research in the sub- 
jects which interested me. Anything that I can say is there- 
fore necessarily out of date. I t  may, however, be worth 
while to  give a brief sketch of the experiments conducted in 
my laboratory while I was professor a t  Oxford, up t o  the 
year 1908, in the hope that  others may be encouraged to 
continue research in what always seemed to  me a particularly 
fascinating subject. 

T h e  growth of crystals has always been a matter sur- 
rounded with some mystery. T h e  mere fact that crystals, 
which are in most respects so unlike living things, can yet 
grow like animals or plants and assume the most beautiful 
and symmetrical shapes has always invested them with a 
peculiar interest. Indeed, in respect of this property one is 
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Birth and Growth of Crystals 223 
tempted to regard them as on the borderland between the 
living and the nonliving world. Any one who watches a 
crystal of any substance, such as alum, sugar, o r  sal-am- 
moniac, growing in a solution, must be impressed by the 
marvellous way in which each crystal behaves as a separate 
individual and continues to increase in size by absorbing new 
material from the solution while maintaining the most beauti- 
ful regularity of shape. T h e  crystal, whatever it may be, 
clearly possesses an inherent power of orderly growth. 
More  wonderful still is the power possessed by any crystal 
which has been taken out of its solution, of continuing to 
grow when it is again immersed in a strong solution of the 
same substance weeks or  years after it first ceased to grow. 
It appears at first sight that a crystal is in a sense both liv- 
ing, because it can grow, and immortal, because it never loses 
the power of growth. 

Although the facts are so well known, comparatively 
little is understood of the exact process by which, during its 
growth, a crystal attracts to itself liquid particles from the 
solution by which it is surrounded and builds them up into a 
perfect solid structure endowed with the peculiar crystalline 
symmetry, which, although it may resemble that of certain 
organisms, is in reality of a totally different character and 
belongs to crystals alone. 

Still less is known concerning the birth of a crystal and 
the manner in which it first emerges from the liquid, o r  in 
what guise. It always appeared to me that in order to obtain 
a fuller understanding of the actual process of growth some 
attempt should be made to study what is happening at  the 
exact surface of contact between the growing crystal and the 
liquid by which it is surrounded. I was therefore led, many 
years ago, to  attempt in the first instance to measure the 
exact strength of the solution where it is in contact with the 
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growing crystal. No experiments had previously been made 
with this object, and, indeed, it seemed very difficult to make 
sure that the determinations should be confined to  the ulti- 
mate layer of liquid in actual contact with the crystal. By 
means, however, of special apparatus in which the growing 
crystal was viewed through the sides of a glass trough con- 
taining the solution it was possible to transmit the light from 
a sodium flame through the transparent crystal and to  meas- 
ure the angle of total internal reflection on a crystal face 
inside the crystal, and so to  find the refractive index of the 
liquid in actual contact with the face and finally from this 
to  find the exact strength of the liquid. 

In  order to determine the strength of the solution from 
this index it was necessary to  make a number of measure- 
ments of the exact refractive index in solutions of different 
known strength and a t  different temperatures; and the 
method by which this was done consisted in using, in place 
of the crystal, a glass prism immersed in a solution of known 
strength and measuring by total reflection within the prism 
the refractive index of the cooling liquid in contact with it. 
Fo r  this purpose, and in order to obtain a uniform solution, 
the liquid was kept stirred throughout the experiments by 
a revolving fan. 

In  the course of the experiments made before the stirrer 
was introduced, a very curious fact disclosed itself. I t  was 
found that the refractive index of the liquid generally rose 
to a maximum and then, at a certain temperature and for no 
apparent reason, became suddenly reduced. When, on the 
other hand, the solution was kept stirred it was found that 
a small shower of crystals generally appeared a t  or about 
the temperature of saturation, but that after the temperature 
had fallen further for about ten degrees there came a second 
and much denser shower of crystals, and that the tempera- 
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ture a t  which this occurred was precisely that a t  which the 
refractive index suddenly fell in the earlier experiments. 
T h e  ordinary view about a cooling solution is that a crystal 
of the dissolved substance immersed in it continues to  be 
dissolved until a t  a certain temperature it begins to  grow 
again. T h e  liquid is then saturated, and as it cools further 
and becomes more and more supersaturated the immersed 
crystal continues to  grow more and more rapidly. M y  ex- 
periments indicated that as a solution is cooled it first passes 
into a stage in which it is just saturated, but a t  a lower tem- 
perature it passes abruptly into a second stage in which there 
is suddenly increased crystallization of quite a different sort 
in the supersaturated solution. 

T h e  change of refractive index in the earlier experiments 
was evidently due to the same cause; but the increased 
crystallization was only made visible by the thick cloud of 
crystals produced in the later experiments through stirring. 
T h e  fact that any solution may be cooled f a r  below its 
saturation point without crystallization taking place, and 
that when it becomes sufficiently supersaturated it may be 
made to crystallize suddenly either by dropping a crystal 
into the solution o r  by shaking it, is one which has long been 
familiar to students of the subject. T h e  well-known words 
in “In Memoriam,” 

“Break, thou deep vase of chilling tears 
T h a t  grief hath shaken into frost,” 

refer to  this effect; but there had not, so f a r  as I am aware, 
been any previous observations which indicated that a 
sudden change takes place a t  a definite temperature in the 
crystallizing power of a supercooled solution. Ostwald 
had, some years previously, sought unsuccessfully for such 
evidence. 
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There  was another very interesting feature of my experi- 

ments. In  dealing with a given solution it frequently 
happened that on the first day the earlier thin shower of 
crystals did not appear, but in later experiments with the 
same solution on the following day the thin shower always 
made its appearance a t  the temperature of saturation, ac- 
companied of course by a slight diminution in the refractive 
index, and the dense shower always occurring later at a per- 
fectly definite temperature accompanied by a very large 
diminution of the refractive index. 

I think the explanation of this is to be found in the fact 
that in the first experiment the liquid cools without any in- 
oculation from the dust of the air, but that in the later 
experiment, when minute and invisible particles of the dis- 
solved substance have got into the air  of the laboratory, it 
is impossible to  prevent such particles from falling into the 
solution and acting as centres of crystallization as soon as 
the temperature has fallen to the saturation point. T h e  
growth round such centres is naturally very slow, since the 
liquid is only slightly supersaturated, and this gives rise to  
the first thin shower; but there was no doubt at all that a t  a 
lower temperature a totally different and much denser shower 
made its appearance from some other cause. If this be so, 
the question was naturally raised whether the first shower 
could not be entirely obviated by enclosing the solution in a 
sealed glass tube. A number of experiments were therefore 
made by Miss Isaac and myself in which aqueous solutions 
of different substances and different strengths were enclosed 
in sealed glass tubes and violently shaken as they cooled. 

W e  invariably found that no crystals appeared in the 
solution until a definite temperature was reached, the liquid 
then being strongly supersaturated, and this temperature was 
identical with that a t  which the denser cloud of crystals ap- 
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peared in the same solution when it was stirred in the open 
glass trough. W e  entirely failed to produce any crystalliza- 
tion a t  a higher temperature. F o r  example: a.48.2% solu- 
tion of sodium nitrate is saturated at twenty-six degrees. 
Below this temperature a crystal of sodium nitrate intro- 
duced into the solution will continue to  grow. Above this 
temperature a crystal will begin to  dissolve. Such a solution, 
when stirred in an open trough, generally produces a thin 
floating shower of crystals a t  twenty-six degrees, and when 
it cools to sixteen degrees will suddenly yield quite a dense 
shower of crystals. Enclosed in a sealed tube, and con- 
tinuously shaken, the same solution will only begin to  crystal- 
lize at sixteen degrees, when, as might be expected in such a 
strong supersaturated solution, a dense cloud of crystals 
makes its appearance. If a 5 I % solution of sodium nitrate 
is saturated a t  thirty-nine degrees it only yields a dense 
shower, both in the open trough and in the sealed tube, a t  
a temperature of thirty degrees. 

T h e  final conclusion therefore is that  a 48.2% solution of 
sodium nitrate only begins to  give birth to a few crystals a t  
twenty-six degrees in an open vessel because the liquid is 
inoculated by crystal germs falling into it from the a i r ;  but 
a t  sixteen degrees an enormous number of fresh crystals 
appear quite independently and, to  all appearance, spontane- 
ously. A t  twenty-six degrees the liquid, as it cools, passes 
from the unsaturated to the supersaturated condition in 
which crystals can grow provided they are introduced into 
the solution from without; but a t  sixteen degrees the liquid, 
as it cools, passes into a new condition in which crystals can 
be produced by mechanical means, such as violent shaking. 
Between twenty-six degrees and sixteen degrees the solution 
is in what we call the metastable condition; below sixteen 
degrees it is in what we call the labile condition. T h e  two 
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showers may be distinguished by the same names, the first 
thin shower being the metastable one and the second dense 
shower being the labile one. Inoculation with the minutest 
invisible germ is sufficient to start crystallization around the 
germ at any temperature below that of saturation, but in- 
oculation of a liquid which is in the labile state produces a 
violent growth of needle-shaped crystals and, i f  it is shaken, 
a very dense cloud of crystals. 

By conducting a large number of experiments on many 
cooling solutions a t  different temperatures we were able to  
map out, in addition to  the curve of solubility, which gives 
the relation between the strength of the solution and the 
temperature at which it is saturated, a new curve which we 
called the supersolubility curve, giving the relation between 
the strength of the solution and the temperature of this 
spontaneous crystallization. (Figure I ,  Goniometer.) 

T h e  diagram, Figure 2, shows the solubility curve S and 
the supersolubility curve T in a cooling solution, in which 
the temperature is indicated by the ordinate and the concen- 
tration by the abscissa. As a solution of which the concen- 
tration is X is allowed to cool it becomes saturated a t  the 
temperature a ;  and i f  it is allowed to cool further without 
any inoculation no crystals will appear until the temperature 
b is reached, when the liquid becomes labile. Crystals can 
then be generated by shaking o r  by other mechanical means, 
and the strength of the solution is reduced with a slight rise 
of temperature until a t  f it again reaches equilibrium, when 
it becomes saturated. Of course, a solution which is kept 
perfectly still may be cooled to  a much lower temperature 
without any crystals appearing. 

A very simple method by which the passage from the 
metastable to the labile condition may be made visible is to 
scratch the surface of the containing vessel by a rod immersed 
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in the solution, when it will be found that no crystals appear 
on the line of scratch until the labile condition is reached. 
This is the old-school experiment in which the inside of a 
test tube is scratched with a glass rod in order to  show that 
crystallization takes place along the line of scratching. I t  
used to be interpreted as evidence that crystals form along 
a line of scratch by reason of its sharp edges. If this were 
true, they should, of course, form on an old and not only on 
a new scratch. In the experiment as commonly performed 
no precaution is taken to prevent inoculation, and when the 
rod is introduced it is probably contaminated by crystalline 
particles and thus produces a line of crystals even in a 
metastable solution. 

W e  succeeded in tracing the solubility and supersolubility 
curves for a large number of substances dissolved in water. 
Clearly, similar solubility curves would be obtained for the 
freezing of ice from such solutions a t  appropriate tempera- 
tures. W e  therefore conducted a number of experiments on 
the crystallizing temperatures of each of two substances dis- 
solved in each other, and diagram No. 3 shows in a general 
form the results of such experiments. 

ME is the solubility curve of the substance A, and m E  the 
solubility curve of substance B, meeting in the eutectic E ; M 
and m being the meltingpoints of the two substances. SH 
and sH are the supersolubility curves for the two sub- 
stances, meeting in what we call the hypertectic point H. 
Between the curves ME and SH the substance A can crystal- 
lize only by inoculation, and below the line SH it can crystal- 
lize spontaneously. Below the curve m E  the substance B 
can crystallize only by inoculation, and below the curve sH it 
can crystallize spontaneously. If a solution of composition 
X is cooled it becomes saturated with regard to  A a t  the 
temperature a, labile with regard to A a t  the temperature b, 
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and at  this point A will crystallize if the mixture be shaken. 
If, however, it is kept perfectly still and cooled to  the tem- 
perature c, the other substance B can then be made to crystal- 
lize by inoculation with B ;  or, if  it  is kept still further un- 

- shaken, it may be taken down to the temperature d, a t  which 
shaking may produce spontaneous crystallization of B. W e  
have made a number of experiments on mixtures of this sort, 
-for example, one of salbl and beto1,-and have traced for 
them the complete curves approximating to those shown in 
Figure 4. 

In  all these experiments the process was conducted in two 
ways: the changes in each cooling solution were traced by 
changes in the refractive index, and the points which deter- 
mine the supersolubility curve were determined not only by 
the sudden change in the refractive index, but by the cloud 
which appears when the mixture is shaken in a sealed tube. 
I t  will be found, I believe, that the same general principles 
hold fo r  mixtures of more than two components, and we 
traced supersolubility curves, for  example, in mixed aqueous 
solutions, such as sodium nitrate and lead nitrate, in which 
three components are  concerned. 

I may allude to  an even more complicated variety of these 
experiments in which one of the crystallizing substances is 
capable of crystallizing a t  different temperatures in three 
different modifications. A long series of experiments made 
upon mixtures of mono-chlor-acetic acid and naphthaline 
enabled us to  trace the solubility curve and the supersolu- 
bility curve for  naphthaline, and no less than three distinct 
solubility curves and supersolubility curves for the mono- 
chlor-acetic acid, which were found to exist in three different 
modifications possessing three distinct melting-points. T h e  
result of these experiments is shown in Figure 5 .  

Now, I believe that whenever crystallization, whether of 
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single substances o r  of mixtures, takes place, these general 
principles are to  be traced. In  ordinary experiments the 
cooling liquids are not preserved from inoculation, and crys- 
talline fragments or  germs probably start  the process of 
crystallization in the metastable state. But when the liquid 
becomes further cooled until it reaches the labile state, there 
is always a sudden and rapidly increased rate of growth, 
resulting in either the production of a cloud of new crystals, 
generally needles, or of a largely increased rate in the growth 
of a single crystal. M y  own belief is that  whenever a solu- 
tion crystallizes in needles, this is due to the fact that it is 
growing in a labile solution. Each crystal is surrounded by 
a sheath of metastable solution which prevents it from grow- 
ing rapidly at the sides, but is advancing a t  its extremity into 
the surrounding labile solution so that it grows with great 
rapidity and shoots out in the form of a needle. Chemists 
have always been apt to  describe various substances as crys- 
tallizing in plates o r  pyramids, prisms o r  needles; whereas 
these shapes depend merely upon the conditions of growth. 
Any one who watches a drop of potassium bichromate crys- 
tallizing on a warm slide of glass can trace the whole process. 
T h e  ring of crystals which first form on the edge of the drop 
by inoculation, or perhaps by sudden cooling, advance quite 
rapidly as a forest of needles; but when, owing to the crys- 
tallization, the strength of the solution is reduced to  the 
metastable state, each needle suddenly begins to thicken and. 
extend itself into a plate or  prism, and continues to  grow 
quite slowly; as other parts of the drop cool, spontaneous 
crystallization may suddenly appear a t  one point o r  another, 
either through inoculation from a germ in the air  o r  else by 
sufficient cooling which reduces the solution a t  that point to  
the labile state and makes it burst into a rapid growth of 
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needles. After a few seconds the slower metastable growth 
again sets in. 

Examples of these two stages will be found by any one 
who seeks them in almost any process of crystallization. I 
pointed out many years ago that the porphyritic structure of 
rocks may possibly indicate that they have solidified in the 
labile state in a highly supersaturated mixture ; and evidence 
of similar changes is to be found in the cooling of alloys or 
metallic mixtures. I believe that in some cases where experi- 
ments of this sort have been repeated by other observers, the 
question has been raised whether it is really impossible to  
induce crystals to grow by mechanical means above the labile 
temperature, and whether inoculation is necessary. I t  has, 
I believe, been suggested that the exact temperature at which 
mechanical means can produce crystals depends upon the 
violence of the stirring o r  mechanical agitation which is em- 
ployed; but whether this be so or not, my own experiments 
have led me to believe that the supersolubility curve can be 
quite definitely plotted, and that it indicates, a t  any rate, a 
real physical change in the cooling solution, for when crys- 
tals are already growing in it they suddenly begin to grow 
with greater rapidity a t  this stage, whether other crystals 
make their appearance o r  not a t  precisely this temperature. 

Let me now call attention to another very interesting ex- 
periment-one which relates to the birth rather than the 
growth of crystals. I t  is known that when two substances 
have nearly the same form and crystalline structure one can 
grow upon the other in a parallel position, so that the second 
crystal forms a continuation of the first. One sort of alum 
immersed in a solution of another sort of alum continues to 
grow just as though it were in a solution of its own sort. 
Again, sodium nitrate possesses very nearly the same form 
as the mineral calcite, and if a drop of solution of sodium 
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nitrate be placed on a clean surface of calcite it at once de- 
posits small crystals which are parallel to  one another and 
to the crystal on which they are growing. In  other words, 
two crystals which bear this relation to  each other behave 
almost in the same way as two crystals of the same substance. 

A number of experiments made at my suggestion by Mr. 
Barker in my laboratory at Oxford indicated that among all 
the carbonates which have nearly the same form as calcite, 
none possesses this power except calcite itself. Now calcite 
happens to be the only one which has a molecular volumc 
nearly equal to that of sodium nitrate. This seems to me to 
show that i f  one substance possesses the power of making 
the other grow upon it in parallel position, it must be nearly 
identical with the other, not only in the arrangement of the 
particles (which determines the shape) ,  but also in the dis- 
tance between those particles (which determines the molecu- 
lar volume). This was found by M r .  Barker to  be true for 
a large number of different substances. Figure 6 represents 
two structures having the same cubic form but a different 
spacing so that they have not the same molecular volume. 
If the meshes of the structure were not only of the same 
shape but of the same size, they would have the same molecu- 
l a r  volume and would fit together, and this would be a reason 
for their growing together in parallel position, 

Now, so f a r  as my observations go, I have reason to  believe 
that a substance which can make another grow upon itself 
in this remarkable manner is also capable of starting crystal- 
line growth in a supersaturated solution of the other. I t  
certainly appears to be true that a crystal of calcite dropped 
into a solution (even a metastable one) of sodium nitrate at 
once starts the growth of crystals, whereas the other min- 
erals belonging to the calcite group do not possess this power. 

A great many experiments on this question are needed, 
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and I am in hopes that some student will be encouraged to  
pursue the subject further. T h e  experiments are easily 
made, and the result is very wonderful. T h e  mere parallel 
growth of one crystal upon another we may well imagine to 
be due to  one possessing a structure very nearly identical 
with the other, so that they fit into each other. This  is 
merely a geometrical relation. 

But that a crystal of one substance should excite crystal- 
lization in another in a solution in which it is itself insoluble 
is a surprising fact and must be due to something more than a 
mere fitting together of two structures. I t  compels us to ask 
ourselves what is the process by which the solid crystal draws 
to  itself the particles from the liquid. I t  forces us to  think 
of the movements of these particles rather than of their 
mere arrangement. T h e  study of crystals has been mainly 
confined to the physical properties of the solid structure, and 
has tended to ignore the processes of its birth and growth. 
Every point inside a crystal has a t  one time been a point in 
its surface, and the history of its deposition is a borderland 
problem to be investigated by a study of the conditions pre- 
vailing when the solid crystal was in contact with the solidify- 
ing solution. 

I have often thought that the particles in the liquid solu- 
tion may be moving in a quite irregular way, whereas those 
in the solid crystal may be endued with a rhythmic motion, 
and that one may have the power of responding to the other 
just as one violin string responds to another, provided that 
the two possess kindred structures which are very much 
alike. If this be so, both the structure and the power of 
evoking crystal growth are the result of the regular pulsa- 
tions or movements belonging to the particles of the solid. 
Surely it would be interesting to get more experimental evi- 
dence bearing on this question. 
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Now, if I may pass to  a totally different subject, and one 

which is more closely related to  my occupations of the last 
ten years since I relinquished the study of minerals and 
crystals and exchanged research for  university administra- 
tion, I should like to say a few words about university 
education. 

A t  the risk of appearing fantastic, I will venture to  state 
my views on this subject in the form of an  analogy based on 
the behaviour of supersaturated solutions. As  a result of 
my experiments I have generally found that the best way to 
obtain a very perfect crystal of any substance is to  take a 
solution in the metastable state; that is to  say, not so strongly 
saturated as to  crystallize spontaneously, but only just super- 
saturated. Introduce into it a germ in the shape of a small 
crystal or fragment. This  will then continue to grow not 
too rapidly and with perfect regularity if the conditions are 
not altered. I f  the solution is too strongly saturated the 
growth may be too rapid, and i f  it passes into the labile con- 
dition the growth will be so turbulent that a mass of ill- 
formed crystals o r  needles will be produced. 

I t  has often seemed to  me that the human mind passes 
into a stage which may be compared with supersaturation- 
a stage in which it suddenly becomes ripe for  a new and 
rapid growth. During the early period of childhood the 
mind is quick to  receive and to  assimilate, and naturally 
follows the mind of the teacher; but as it becomes more 
fully charged with material for reflection there comes a stage 
a t  which the young mind should be encouraged to  act for 
itself upon the material which has been and is being assimi- 
lated. Attempts to  encourage this independent activity a t  
too early a stage will probably be doomed to  failure, just as 
an attempt to  make an unsaturated solution crystallize will 
fail.  But when the new stage is reached the mind will natu- 
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rally respond to  any encouragement and the student will 
begin spontaneously to form his own ideas. If, on the other 
hand, this encouragement be not given, the natural tendency 
to spontaneous activity will be checked, but will always be 
striving to assert itself, until it bursts out in a turbulent 
activity which may be compared with the turbulent and ir- 
regular crystallization of the labile solution. 

T h e  right way to  encourage the regular and orderly 
growth of a healthy and active mind is to  begin as soon as 
the proper stage is reached and encourage it to grow from 
its own resources, just as the proper way to obtain a perfect 
and well developed crystal is to introduce the germ as soon 
as the supersaturated state is reached. 

Let me even pursue my fanciful analogy a little further. 
There  are two ways in which the mind of the young uni- 
versity student, fresh from school and saturated with teach- 
ing, may be stimulated to a healthy and steady growth. Just 
as the ripe solution may be macle to  crystallize by dropping 
into it either a speck of the dissolved substance o r  a speck 
of another crystal closely allied to it, so may the mind be 
stimulated to independent thought by the influence of a 
fellow student of kindred tastes, o r  by the influence of some 
other person, perhaps a teacher, perhaps an author en- 
countered through his writings, but in either case some one 
who, through kinship of spirit, stirs the enthusiasm of the 
young student and kindles in him that latent spark of 
original thought which is possessed by all, but which may 
remain dormant too long unless kindled early in the uni- 
versity career. Almost every one can recollect some written 
o r  spoken word, some inspiring idea, which first set him 
thinking on his own account. T h e  suggestion may come from 
a congenial spirit among his fellow students: this, indeed, is 
one of the immense advantages of a well-developed student 
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life, with its social and intellectual activities and its fruitful 
friendships. T h e  isolated student loses one of the most 
powerful incentives to activity of thought when he is sepa- 
rated from the intellectual intercourse fostered by college 
societies and college friendships. Sometimes the incentive 
will come from a sympathetic teacher. Many are the in- 
stances in the biographies of great men who attribute the 
direction taken by their life work to the early prompting of 
a stimulating teacher. 

N o w  the object of my analogy is to make clear that, in 
my opinion, this passage from the assimilative to  the reflec- 
tive stage should, as f a r  as possible, coincide with the pas- 
sage from school to  the university o r  to  the college. I do  
not believe in the overlapping of school and college work; 
even if the same subjects are taught a t  approximately the 
same standard during the last year of school life and the 
first year of university life, the method should, I think, be 
entirely different. If a boy’s mind is ripe for the indepen- 
dent thought which properly belongs to the college, he should 
be at the college and not a t  school. If it is not ripe he 
should be a t  school. When a boy has passed from school 
to  college, he should find himself in a totally different 
environment and his intellectual growth should make an 
entirely new start. 

W h y  should not the attitude of mind in university work 
be entirely different from that which prevails at school? 
Why  should not teacher and student be from the outset 
working together in the spirit of adventure; ready to criti- 
cize, and i f  necessary discard, the old postulates; inspired 
by the feeling that they are trembling on the brink of a dis- 
covery, that the commonest events o r  the most familiar 
views can be regarded as open to a new method of ap- 
proach? I know that this is always possible in science, and 
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I believe that in the hands of a teacher who is himself help- 
ing to make new knowledge it is possible in any subject. 

When a student at the college or  university is condemned 
to  pursue his work as a task or a discipline on the general 
lines of school teaching, and with no new inspiration of pur- 
pose o r  of method, then a mind ripe for  new growth is being 
forcibly held back and its real education is checked. If, on 
the contrary, his interest is so aroused that he is driven to  
think for  himself, real educational progress is being made. 
I t  is so true that a t  this stage education should be encourage- 
ment and opportunity for  the mind to  exercise its natural 
powers. 

W h y  should a university student ever be set to  learn facts 
except with the conscious purpose of using them as means 
of progress? W h y  should he ever have the views of his 
teacher forced upon him unless he is a t  the same time en- 
couraged to  criticize them? Too many a student takes 
sedulous notes and drinks in the ideas of his professor with 
the sole object of storing up knowledge for  examinations. 
In  this process there is little or  no encouragement of that  
independent thought which should be the very spirit and 
essence of all university work. 

I wish that every professor should make his students in 
some sense, and in however humble a capacity, collaborators 
with him in the work on which he is himself engaged; and I 
would wish him to go out of his way, if necessary, t o  conduct 
investigations adapted to the capacity of his students. In  
this way more than in any other will the interest and, through 
it, the creative activity of the student be aroused. Many a 
university student has failed to realize that the value of uni- 
versity work depends almost wholly upon the amount of 
independent thought and activity put into it by himself. 

Though teaching and the best methods of teaching may 
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be the most important aspects of school education, learning 
and the best methods of learning should surely be the most 
important aspects of university education. 

T o  arouse the interest, to stimulate creative activity and 
to guide it into paths in which it will not be ineffective, are, 
I believe, the chief functions of the university teacher. 

I have been tempted to  speak on these matters because 
it was my endeavour, when a teacher, to interest all my stu- 
dents, even the beginners, from the very outset in the in- 
vestigations in progress in my department, such as those 
which I have endeavoured to describe to  you. This  always 
seemed to  make their own work more inspiring. 

M y  excuse for thus wandering from the main object of 
my lecture must be my desire to  express the hope that the 
Rice Institute will always maintain that spirit of sympathy 
and collaboration between professor and student, that spirit 
of advance and enterprise, of progress and discovery, which 
should be, I believe, the foundation of all university work, 
and will enable us to go forward and “greet the Unseen with 
a cheer.” 

HENRY A. MIERS. 




