
NERVE CELLS. 
I. MULTIPOLAR. 2. BIPOLAR. 3. UNIPOLAR 4 CELL WITH RAMIFICATION. 

NUCLEUS OR LIFE CENTRE IS MARKED IN EACH. 

NERVE FIBRES. 
I .  SECTION, SHOWING NERVE SHEATH CUT, AND NRRVE LINE PROJECTING. 2. BUNDLE 

OF NERVES SPLIT UP INTO FILAMENTS. 3. COMBINATION O F  NERVES. 4. NERVE 

LOOPS. 5. SENSORY CORPUSCLES ON T H E  NERVE FIBRES. 

Calderwood's Lectures. 



THE RELATIONS 

CONNECTED WITH T H E  UNION THEOLOGICAL 
SEMINARY, N E  W YORK. 

HENRY CALDERWOOD, LL. D., 
PROFESSOR OF MORAL PHILOSOPHY, UNIVERSITY OF EDINBURGH, AUTHOR 

OF "RELATIONS OF MIND AND BRAIN:' ETC. 

215 
C, 19 

L 
N E W  Y O R K :  

R O B E R T  C A R T E R  & B R O T H E R S ,  
530 BROADWAY. 

1881. 



C o p y r i g h t ,  188r, 

BY ROBERT CARTER & BROTHERS. 

s.c .a .  

CAIZBRIDGE: 

PRESS OF 

JOHN IVILSON A N D  SON. 

ST. JOHNLAND 

STEREOTYPE FOUNDRY 

SUFFOLK CO.. N. Y. 



EBTRACT FROM THE DEED OF TRUST, ES- 

TABLISHING THE HORSE LECTURESHIP. 

"THE general subject of the Lectures, I desire 

to be: 

"The relation of the Bible to any of the Sciences, 

as Geography, Geology, History, and Ethnology, the 

vindication of the inspiration and au6henticity of the 

Bible, against attacks made on scientific grounds, 

and the relation of the facts and truths contained 

in the Word of God, to the principles, methods and 

aims of any of the Sciences. 

"Upon one or more of these topics a course of ten 

public Lectures shall be given at least once in two or 

three years, by a Lecturer, ordinarily to be chosen two 

years in advance of the time for delivering of the 

Lectures. 

" The appointment of the Lecturer shall be by the 

concurrent action of the Founder of the Lectureship, 

during his life, the Board of Directors, and the faculty 

of said Seminary. 
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"The funds shall be securely invested, and the in- 

terest of the same shall be devoted to the payment of 

the Lecturer, and to the publication of the Lectures 

within a year after the delivery of the same. 

"The copyright of the Lectures shall be vested in 

the Seminary." 

(Signed) SAM~EL F. B. MORSE. 



P R E F A C E .  

THE aim of the present volume is to indicate the 
measure of harmony traceable between recent ad- 
vances in science, and the fundamental character- 
istics of religions thought., and the extent to which 
harmony is possible. This attempt has been made 
in the hope of contributing towards a better un- 
derstanding of the relative positions of scientists 
and theologians, thereby aiding the formation of 
public opinion on questions appearing to involve 
serious antagonism. 

The plan followed is to bring under review the 
great fields of scientific inquiry, advancing from 
unorganized existence to Man; to present the most 
recent results of research in these separate fields, 
without extending to minute details; as far as pos- 
sible, to allow scientific observers to state results 
in their own words; and then to examine carefully 
the reasonings deduced from ascertained facts, and 
the bearing of facts and inferences on religious 
thought. 

The general result is that marked modifica,Lions 
of thought concerning the structure and order of 
the universe have arisen on account of scientific 
discoveries, to be accepted by t,heologians, as by 



... 
VIU PRBFA CE. 

all thinkers; that the bearing of these modifica- 
tions on religious conceptions has been greatly 
mistaken by many scientific observers; and that 
it must be held clear by scientists and theologial~s 
alilre, that while scientific methods are reliable 
within their own spheres, science can bear no tes- 
timony, and can offer no criticism, as to the super- 
natural, inasmuch as science is only an explanation 
of ascertained facts by recognition of natural law. 
I n  accordance with this last statement, i t  is main- 
tained, that science does not reach, far less deal 
with, the problem concerning the origin of Nature, 
the solntioil of which can be found only by tran- 
scending Nature, that is, by recognizing the su- 
pernatural. 

In the course followed I believe the purpose of 
the eminent Physicist who founded the lecture, has 
been rigidly kept in view. 

I desire here to express to the President and Pro- 
fessors of Union Theological Seminary, my sense 
of their great kindness while I delivered the course 
of lectures in New York, and specially for so ar- 
ranging as to allow of including the ftdl course 
within eight lectures,-a form which has been re- 
tained in publication. 

I have also to express my thanks for the kind 
manner in which these lectures were received in 
Edinburgh, where, with the exception of the two 
first, the course was, by request, redelivered. 

H. C. 
UNXVERSITY OF EDINBURGH. 

ranz~arj, 3 rsl. 188r. 
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don Globe. 

Butler (Rev. William Archer). Sermons. 2 vols., $2.60. 
Lectures on Ancient Philosophy. 2 vols., $2.50. 
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a brief digest of its contents. Tlie design was in itself most laudable, and it has 
been well carried out." - Spurgeois. 
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$4.50. 
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Hill (George). Lectures on Divinity. 8vo. $2.50. 
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which has been made in the present century." - Awricaa Baptwt. 
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RELATIONS OF SCIENCE AND RELIGION. 

LECTURE I. 

CONDITIONS OF THE INQUIRY. 

A M O N G  the many advantages enjoyed by 
the present generation, one of the most 

conspicuous is that arising from the large ad- 
vance made in physical science. The high 
value of this is apparent from whatever stand- 
point it is regarded. The vastly wider range 
of knowledge, the increase of appliances for 
inquiry, the greater facilities for work of all 
kinds, the freer intercommunion of all the 
divisions of our race, and the greater altitude 
from which the whole realm of existence can 
be contemplated; all these involve an immense 
gain for the present century. 

With these advantages, however, there 
comes the difficulty of using them aright, a 
difficulty which we may expect to be great- 
er when we are dealing with wider and more 
general aspects of existence, than when we 
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are concerned with more restricted ranges of 
knowledge. It may be a much easier thing 
to state precisely how recent advances have 
affected a particular branch of science, such 
as astronomy or geology, than to say how 
they bear upon the general conception of the 
universe. Yet, while the latter is the more 
difficult question, i t  is that with which men 
generally must be more concerned. Only a 
very limited number of men can belong to the 
ranks of specialists devoted to a single branch 
of science. All men, specialists as well as 
others, are concerned with the wider question 
as to the true conception of the universe, and 
the bearing i t  has on human life and destiny. 
It is impossible to imagine that marked ad- 
vance can be made ill any of the sciences, 
without its having some bearing on the more 
general problem in which all men are prac- 
tically interested. Each specialist perceives 
this more or less clearly as he is working out 
the result of complicated observations or calcu- 
lations. The public mind may be said rather 
to feel that some modification of common be- 
lief is taking place, while there is great un- 
certainty as to the actual change. What gives 
a sense of security to the general conv~ction 
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of educated men is that all increase of know- 
ledge is clear gain, and that all advance is se- 
cured on familiar and well-tried lines. Pro- 
gress is transition, and in a sense unsettling; 
but it is also accumulation, and thus in a 
more enduring sense, consolidating. Fresh 
observatioil in some one departinei~t of re- 
search does not overthrow all that was 
credited previously. It extends the area of 
knowledge, or carries us into a more minute 
acquaintance with particulars, and only in a 
restricted way modifies accepted positions, by 
iiltroducing relations formerly unrecognized. 
Thus, progress iiz a particular science does 
not unsettle scientific belief. 

I n  a manner exactly analogous, because 
resting on the same intellectual conditions, 
the combined advance of the whole order of 
sciences does not unsettle the mass of con- 
viction belonging to instructed and ordinarily 
reflective men. It must, indeed, modify the 
form of general conviction, as it quickens in- 
tellectual interest, for the public mind re- 
ceives, not reluctantly but gladly, additional 
results gathered under carefully tested sci- 
entific methods. This is nothing more than 
saying, that love of truth, and submission to 
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the laws of evidence, are characteristic of all 
disciplined intelligence. Scientific inquirers 
are the trained iiistructors of the race, and 
others receive what they commuiiicate, with 
true sense of its abiding worth. At the same 
time, such inquirers work from an intellectual 
basis which is common to all, finding applica- 
tion in all fields of activity. Upon that basis 
all men lean as they shape and regulate their 
life, finding themselves involved in disaster, 
or confirmed in a wise course, according as 
they are partial or thorough in their adher- 
ence to the conditions of rational life. As the 
mass of human interests can not be isolated 
from the results discovered in the path of 
advancing science; so neither can any form 
of inquiry be separated from the conditions 
which are common to all intellectual life, 
including even the least cultivated. So it 
happens that the race as a whole has a clear 
share in all the products of science, such as 
it has not in the products of industry. Ra- 
tional conditions provide for a community 
of interest in intellectual work and results, 
greater than can be approached by all the 
value of material production. 

These few general aiid very obvious con- 
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siderations bring us into direct line with the 
relations of religion and science. Religion 
has a rational basis, as the condition of its 
practical worth. It takes its start from that 
common intellectual basis, which affords to 
science its essential conditions. Religion and 
science are exactly alike in these respects, 
that both present a body of harmonized con- 
ceptions, a clearly defined circle of iiitelligi- 
ble statements, and both have a definite bear- 
ing on human action. Their practical value 
depends upon conformity with the common 
requirements of intelligence, and harmony 
with recognized fact. I place this declara- 
tion in the foreground of the present discus- 
sion, not only as a clear avowal of the foot- 
ing on which religion presents its claims to 
acceptance, but more especially as a distinct 
and broad acknowledgment that the whole 
range of tests afforded by the entire circle 
of the sciences is legitimately applied to re- 
ligion, and is to be deliberately met. 

The object of tlie present course of lectures 
is to consider the relations of science to the 
Christian religion, as authoritat'ively revealed 
in the Bible, and as understood and accepted 
by those who profess themselves Christians, in 
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grateful acknowledgment of what the Scrip- 
tures declare. The relations now to be dealt 
with are those subsisting between religion as 
presented in the Bible, (which is in the hands 
of all, to be exaiiiined and dealt with by sci- 
entific inquirers), and science as presented to 
us in the present day, for the acceptance of 
all. The claim to universal acceptance found 
here on both sides, is that which gives special 
interest and true logical importance to the 
problem. Christianity professes to discover 
a religion to be accepted of all men, and a 
practice to be observed by all: science pro- 
fesses to give an account of the state of things 
around us in the world, to be accepted by all, 
and acknowledged in practice if men would 
adapt themselves to the natural conditions of 
their life. This claim to universal acceptance 
is not affected on either side by the fact that 
diversities of interpretation and application 
emerge among the upholders of Christianity, 
and the expounders of science. Such diver- 
sities are well known to exist in both spheres 
of thought. It needs to be recogilized at  all 
times, and prominently stated in such a dis- 
cussioii as ;the present, that under the condi- 
tioiis determiniiig the attaiilmeiit of know- 
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ledge, there must be diversity of opinion. 
Indeed, the wider the area of acquired truth, 
the more extensive becomes the field of pos- 
sible differences, both in respect of what is 
involved under conclusions already reached, 
and of what may transcend the boundaries of 
present knowledge. It is, therefore, no mar- 
vel that there is large diversity of opinion 
among scientific men, on many problems aris- 
ing out of universally accepted positions. It 
is only by the same necessity that there is 
diversity of opinion on matters of religion. 
The materials of study are set before us in 
the mass, and our knowledge is to be ob- 
tained by the slow processes of intellectual 
procedure, in accordance with which some 
things become clear, while many more re- 
main obscure. Whether we are dealing with 
book knowledge, or with knowledge obtained 
by direct observation of existing things, does 
not affect this matter. The intellectual con- 
ditions are the same in both cases, and it is 
from exactly the same intellectual source that 
inevitable conflict of opinion arises. 

The simple and obvious truth is that there 
can be no field of human inquiry in which 
diversity of opinion can be avoided, for two 
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reasons, that all knowledge possessed by us 
is incomplete, and active intelligence can not 
rest in the incomplete. Neither science nor 
theology can afford to dispense with hypoth- 
iesis, that is conjecture, and where conjecture 
is, there is a wide region for devious wander- 
ing. Conjecture means inquiry into the un- 
known, and this is essential to intellectual life, 
equally necessary for science and religion, and 
accordingly diversity of opinion is inevitable 
in the history of both, as in the history of all 
forms of human activity. In every region of 
human knowledge there is a realm of the cer- 
tain, and another of the uncertain, and accord- 
ingly there is diversity of opinion and convic- 
tion. Occasionally, in controversial writing, 
it is suggested that there is greater diversity 
of view in matters religious, than in matters 
scientific; and it is implied that such diversity 
is a reasonable ground of reproach. Both al- 
legations are at  fault, and the error arises 
from want of observation, involving imperfect 
acquaintance with the facts. Religion as it is 
concerned with the life of man himself, and 
is the subject of interest to all, has not only 
its common positions generally recognized, but 
also many of its phases of conflicting thought. 
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Science, as it is beyond the range of the great 
majority as a subject of personal research, and 
within reach of only a limited number as 
a subject even of book knowledge, has its 
questions of conflict concealed to some extent 
from the public view. But, even moderate 
acquaintance with science makes us aware of 
the fact that there is conflict of opinion in 
every region of inquiry. Indeed it should be 
alien to the reflective observer, to marvel at  
the discovery of diversity of thought in any 
region, or to make its existence a ground for 
adverse criticism. Commonly accepted con- 
clusions must afford the basis for competent 
criticism, whatever be the field of inquiry 
brought under review; diversity of opinion 
beyond and around these, must be accepted 
as the uniform att'endant of human know- 
ledge, indicating at once the provision for in- 
tellectual progress and the inducement to it. 
Thus, on grounds indisputable from a scien- 
tific basis, we escape the need for vindicating 
religion from the charge of having its claims 
to rational homage weakened, by the diver- 
sity of opinion found within the boundaries 
of religious thought. Such diversity is in 
strict accordance with familiar facts connected 
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with every branch of science. Whatever may 
be said of the strong and paradoxical, because 
one-sided, utterance of Lessing," it must be 
manifest that in all directions we are of ne- 
cessity searchers after truth, and it is in such 
circumstances an intellectual weakness to ob- 
ject to the reliability of generally accepted 
conclusions, because they become starting- 
points for many lines of conflicting specula- 
tion. In  religious thought, as in scientific, 
there are on all hands the marks of the un- 
finished; and the varieties of opinion asso- 
ciated with generally accepted conviction only 
afford needful evidence of healthy intellectual 
activity. 

As we daily hear much of the conflict be- 
tween science and religion, and ns it is one 
part of the purpose of the present course to 
deal with wliat is loudly proclaimed to be a 
serious feature in modern thought, it becomes 
needful to clear the ground considerably, with 
the view of discovering where the alleged con- 

* '<If God had held all truth in his right hand, and in his left 
the ever-living desire for truth, although with the condition that 
I should remain in error for ever, and if he should say to me 
'choose,' I should humbly iucline towards his left, and say, 
' Father, give: pure truth is for thee alcne 7 "'- Wolferbuttel 
gragments. See Zimmern's Lge of Lessing, p. 361. 
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flict is, and what form it assumes. In  this, as 
in many conflicts, there is much more din and 
tumult, than damage. We shall by and by 
hear much less of con$ict than we are hear- 
ing at  present. Meanwhile, however, the 
work is considerable which needs to be done 
in clearing the field, tracing boundaries, and 
disclosing the exact position of parties. I n  
the ruder warfare of nations, this clearing 
work is undertaken by the combatants them- 
selves, and if not accomplished by prelim- 
inary measures, it is at length achieved by 
the actual events of the struggle. But in this 
case, it may be done quietly enough by non- 
combatants, while it may contribute largely to 
the restricting of the conflict, and the estab- 
lishment of peace. This I desire to attempt, 
in the hope that some service may be ren- 
dered both to the scientific, and non-scientific, 
by contributing towards a general understand- 
ing of the actual position of affairs. A quiet 
survey of events occurring during the last 
twenty-five years or so, which have influ- 
enced the relations of science and religion, 
may suffice to convince us that there has 
been on both sides needless planting of bat- 
teries, and pouring forth of shot. In  many 
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cases, the shot has only sunk into sand banks 
wit11 no other result than heavy expenditure; 
in other cases, it has only shattered timber 
defences which were going at any rate, and 
soon to be abandoned. The worst result has 
bcen that the whole district around has been 
thrown into trouble under fear of disastrous 
results. This description must be held to ap- 
ply to outbreaks of theological fury, as well 
as of scientific. I apprehend that there are 
few friends of religion conversant with the 
higher phases of intellectual life during the 
period to which reference is here made, who 
will not grant that scientific theories have 
been assailed with undue severity, and quite 
aeedless apprehension, under the influence of 
religious zeal. On the other hand, it is equal- 
ly beyond dispute that there has been in some 
scientific quarters an eagerness to interpret 
scientific theories in a manner adverse to 
theological belief, and often with undisguised 
pleasure in the task, as if some real gain to 
thought and practical interests were to be 
secured by injury to religion. The best work 
on both sides has been done quite apart from 
these outbreaks of antagonism. But it would 
be unwise to omit reference to them here, or 
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to overlook the lesson they convey, all the 
more that both sides admit reasonable ground 
for regret. There has been, on the one hand, 
too great readiness in charging an atheistic 
conclusion as the logical result of scientific 
theory; and, on the other, too hasty an as- 
sumption that newly recognized facts must 
prove damaging to Christian faith. Detailed 
illustration would be in every sense undesir- 
able here, but outstaildii~g examples will read- 
ily occur. Take the theory of the Develop- 
ment of Species by Natural Selection, to 
which detailed reference will be made here- 
after, which has a great multitude of facts 
to favor it, and a t  the same time a mass of 
facts presenting most serious logical difficul- 
ties; i t  is obvious that even if this theory 
were accepted in the form in which it is at  
present propounded, not only would the ra- 
tional basis for belief in the Divine existerice 
and government not be affected by it, but the 
denialid on a Sovereign Iiitelligence would be 
intensified. The contrast in the form of the 
general question may be represented thus: in 
the one case, to account for the origin of va- 
ried forn~s of life entirely distinct and inde- 
pendent; in the other, to accoui~t for an ori- 
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gin in the simplest germinal form, or in a 
few primordial forms, which shall neverthe- 
less provide for the appearance of all the va- 
rieties of species of animal life now knowll 
to us. I n  presenting the latter hypothesis, 
science presses into notice a much greater 
perplexity affecting the origin of the uni- 
verse, originating a difficulty towards the so- 
lution of which it is altogether unable to offer 
the slightest contribution. I n  this single il- 
lustration, there is much to convince theolo- 
gians and scientific men that each division 
of thinkers will best fulfil its own part, and 
most honor religion and science, by working 
unreservedly on data within its own reach, 
without apprehension as to ultimate conflict. 

Frorn the other side, it is not difficult to 
find evidence that continued inquiry and re- 
flection have led to the abatement, if not the 
actual withdrawal, of scientific hypotheses 
which seemed at variance with common be- 
lief, and which might be taken as adverse to 
religious thought. For example, as a branch 
of the inquiry connected with the theory of 
development of species, and coming directly 
upon the position of man in the scale of be- 
ing, we had for a time a wonderful amount 
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of obscrvation, description, and discussion 
concerning monkeys and apes. Laborious 
inquiries became provocative of grotesque 
fancy. In the train of science came the 
workers who minister to the popular imagi- 
nation, and there appeared a whole series of 
comic pictures, amusing narratives, and even 
musical compositions, representing monkeys 
and apes as taking part in human occupa- 
tions. These have left their testimony to the 
power of scientific hypothesis in determining 
the thought and interest of the time during 
which they find favor. It was demonstrated 
incontestably that the anatomical structure 
of the ape was much more like to that of man 
than the structure of the dog, or the horse; 
and that the brain of the ape was so like 
in form and arrangement to the human brain, 
that it might be represented as a smaller and 
undeveloped example of the human brain. 
But when the work of observation and de- 
scription had been well nigh completed; when 
the work of deliberate thinking was com- 
menced with the assurance that the facts 
were pretty fully and fairly before us, there 
came a considerable abatement for the eii- 
thusiasm of scientific speculation in the new 
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line of discovcry. Next came the acknow- 
ledgment that even with all the analogies and 
homologies of structure, seen and unseen, 
there was a vast chasm between the ape and 
man. Forthwith, the stimulus to comic tal- 
ent began to die away; and it must be con- 
fessed that the department of anthropology 
has not been greatly advanced from this new 
region of observation. 

These examples may suffice to impress at  
once upon theologians and scientists,-and 
upon the public mind also,-the obvious, but 
easily forgotten lesson, that there is need for 
deliberation before we can clearly decide the 
exact significance of new scientific discoveries. 
Neither t,he spirit of religion, nor the scien- 
tific spirit, disposes inquirers to make haste. 
There is a basis of certainty, sufficiently 
broad and deep to deliver the mind from 
concern lest intellectual confusion should arise 
from continued observation and thought. 
Enthusiasm, acuteness, patience, and also 
boldness of speculation, are needed in order 
to widen the range of our knowledge of the 
mysteries of existence; but caution is as cer- 
tainly a necessary feature in the gathering of 
appliances which must lie at the command 
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of theologians and also of scientific observers. 
I n  fact, there is at  every fresh advance in 
science, much thinlcing to be done, after ob- 
servation and exposition have accomplished 
their partl and this thinking can not be 
quickly done. 

Towards a clear marking out of the boun- 
daries of science and religion, it is needful 
that some definition or description of both be 
attempted. It is easy to be religious without 
sharply marking off for one's self the exact 
boundaries of religion; and equally easy to be 
scientific, without exactly laying down the 
limits of science. But any intelligent view 
of the relations of the two is not to be had 
without caref~~lly marking off the territory 
which they respectively occupy. Science at 
least should seek for itself " a scientific boun- 
dary," and though this is not always easily 
found, it is essential for keeping up friendly 
relations with neighboring states. In  view, 
therefore, of the requirements of the present 
subject, something must here be done in the 
way of definition, or a t  least, description, del- 
icate and difficult as is the task. 

The object of these lectures is, to vindicate 
the place of the Christian religion within the 
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on Darwinism, from the preached ih the mornin, 
text of the first two verses of Genesis. Darwinism 
is  only a special form of a larger theory. One may 
be an  evolutionist without holding to Mr. Darwin's 
view concerning the origin of man. 'Evolution is  
not what i t  was once snpposed to b?, novel and 
unheard of, but  is as old as historic human thought. 
Augustine knew it. The Roman and Greek philoso- 
phers wrote of it. &stern mystics dreamed of it. The 
Chnrch might have been in less of a hurry to be 
scared a t  i t  if i t  had looked behind this new theory 
and reco,onizod the old conception. While i t  has 
forced upon the churches the giving up of much 
that was once claimed as  divine i t  has invalidated 
no essciltinl faith, and i n  the changes i t  has brought 
about i t  has becn working n11consciously in the in- 
terest of real religion. 

THE BIBLE AS IT IS. 
The doctrine of evo111tion has nndonbtedly placed 

itself in direct onposition to the traditional reading 
of the Bible i ~ n d  has forced upon us the qncs- 
tion of the true nature of this venerable 
book. What then? Have we lost onr dear Bible? 
We have lost wl?at we thought u7e had and what we 
never had-a11 infallible work on science. We have 
received the true Bible, the literature of the people 
whose mission has been to teacll ni;rnkind spiritnal 
a d ethical relicrion ancl prepare the way for the 
rAslation of t& highest, holicst nanhood-Jesus 
Christ. The firet chapter of Genesis bears on its 
facc its trne chiaractgr. Tt is a prose poem. I t  is 
the dc-wish cosmogony or theory of the beginning. 
I never knew how ~vonderfnl, how heantifi~l,  how 
profound, ho.,r- spiritual, this first chapter of Genesis 
was till I ceased to regard i t  superstitiously. This 
conflict, which the theors of cvolntion precipi- 
tated upon the Chamh, has been in tlic 
hands of God. I t  ha3 becn the menus 
of fieeing the concect.ion of ths  Bible froin 
its old errors a11d superstitions and of forcing for- 
ward a new aud higher couceptiou of it. And this 
is, indeed, an imniorise boon to religion. I t  is true 
that t'volnt~ion llas arrayecl itself against the old 
thought of Gon, which we lcarllcd from the Hebrew. 
I t  \\rill no longcv allow the conception of God's ac- 
tion urhich \\-:W in the mind of the pout who put  
into its biblical form the noble n q t h  of eroation. 
Dr. Ncwton said tlmt the- enlightened Christians of 
to-day have snbstitnted for tills the story of thc 

'! forlllatio~l of the globe and its animal lite as told 
by science. The readj~lstmelit of faith as to 
creation was not get complete. Our cos- 
ceptioris arc Aryan and thc moulds into 
zbich  we have to run them are Semitic, 
I h e  nineteenth century aCt.cr Christ a ~ i d  thc tenth 
oertury before Christ are still jlllubled 11p together 
altboot any satisf:~ctory assimibtion. Forther, let 
It bs noted that faith in God has never been a n  easy 
matter, though necessary and indispensable to 
oiind though; end noble life. You cannot, dcmon- 
irate God. H.: is not found a t  the end of a syllomism. 

.Vliexr the light of reason and couscienco focus !h tllo 
~beolnte oonviction of Gocl the form is n o t  so rc- 
bolsed as 10 admit of uo qllestionings. There are 
huestions nrlrioh any one eau raise, to which no one 
Esn return conclusive answer. 
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region of human intelligence, to show its ra- 
tional harmony with science, and to promote 
active co-operation between the two. And 
this is to be done for the Christian religion 
in view of all the advantages, and of all the 
alleged disadvantages too, of what has been 
reproachfully named " a book religion," which 
assuredly it is, just as all science must be- 
come " book science," if it is to become a 
living and abiding intellectual power among 
men. For all reliable knowledge must be 
formulated, must take a definite orderly shape, 
if it is to find a place and dominion. In  the 
history of intelligent being in this world, re- 
ligion first of all met this requirement, and sub- 
jected itself to this test, adapting itself also to 
successive ages, and submitting itself to their 
criticism. Science owns a like intellectual 
necessity, and has had to write and rewrite, 
to correct and expand, in order that the book- 
science might be the true science of the day. 
Whatever be the nature of the truth received 
by man, its statement is greatly enhanced in 
value when it has been reduced to written 
form, suitable not only for being passed from 
hand to hand, but for being pondered with 
all deliberation. 
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While, however, it is a great advantage to 
Christianity that it can be described as the 
religion of the Bible,-and it is to Christianity 
that reference is directly made here when re- 
ligion is named,-there is in religion as in 
science that which comes before the written 
form. Observation and reflection are nat- 
ural avenues to religion, as well as to science. 
The Bible appeals to the intelligence of man 
for its acceptance, subjecting to rational test 
not only its evidence but also its teaching. Its 
uniform demand is that men put its teaching 
to proof. It thus presupposes a natural re- 
ligion as the prerequisite for special revela- 
tion of the supernatural. The full breadth of 
the argument in exposition and defence of 
Christianity is seen only by starting from this 
position, that all religion, whatever its form, 
rests on a rational basis. And its correlative 
is this, irreligion is the irrational. The vindi- 
cation of the Christian religion thus implies 
at  its basis the defence of religious thought 
and feeling in whatever associations they may 
be found. For though it is true that the 
Christian religion may be said to war against 
all religions besides, seeking to supplant them, 
in order to become the universal religion, it 
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tloes so only on the footing. that religious 
thought and feeling wherever found have a 
genuine intellectual value, which must work. 
towards deliverance from what is immoral 
and what is inconsistent in tradition. If it 
be here remarked that science also tends to 
the destruction of the traditional beliefs be- 
longing to many of the religions of the world, 
it may thereby appear that science becomes 
a fellow-worker with Christianity in a process 
of demolition required in the interests equal- 
ly of intelligence, morality, and religion. But 
whatever may be said of this destructive pro- 
cess as one in which Christianity performs a 
conspicuous part, the religion of Jesus recog- 
nizes a voice in the works of creation speak- 
ing to the hearts of men, in all lands, inso- 
much that " there is no speech nor language 
where their voice is not heard." Religious 
belief is thus recognized as a natural posses- 
sion, and reverence for the Most High as 
following by rational sequence. 

When therefore we offer a defence of the 
Christian faith and practice, we necessarily 
undertake some defence of the varied mani- 
festations of natural religion presenting them- 
selves in the world's history. We are not 
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precluded from assigning value to the loftier 
and purer thought of ancient civilization tes- 

. tifying against l '  the gods many and lords 
many " of the popular religion; nor do we re- 
fuse to make acknowledgment of those ruder 
and baser examples of religious observance 
appearing among tribes of uncivilized men in 
modern times. In  defending religion, we are 
upholding the lofty conceptions of the Greek 
philosopher, who said that " God is not the 
author of evil, but of good only;" who de- 
clared that God "is one and the same, im- 
mutably fixed in his own proper nature," and 
that " God and his attributes are absolutely 
perfect." * On the other hand, we can not 
escape the serious entanglement found among 
heathen idolatries, for even while such idola- 
tries are utterly condemned, we are ready to 
maintain that the most irrational idolatries 
have more of reason in them than the life 
which has been emptied of religious faith and 
exercise. 

In  view of the wide range of natural relig- 
ion, and the defence of it here implied, we 
may define religion, as the recognition of a 
Sovereign Intelligence originating and gov- 

*Plato's Republic 11. 380, 381. 
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erning all dependent being, with the homage 
due from intelligent beings to the Sovereign 
Intelligence. This is the definition which will 
include all natural religion, and present the 
ground of its defence in view of scientific 
suggestions and perplexities. 

But taking the Christian religion as the 
crown and centre of religious life in the 
world, we have a more full and commanding 
testimony as to the glory of the divine nature, 
and the genuine exercises of a religious life. 
He is God creating and sustaining all, ruling 
in righteousness, revealing himself in Jesus 
Christ, whose glory is "the glory as of the only 
begotten of the Father full of grace and truth." 
He is a God seeking the reconciliation of the 
guilty with himself'. He is a God of mercy, 
calling all intelligent creatures to fellowship 
with him, and requiring them all to be "holy 
even as he is holy." Such is a summary of 
the teaching of Scripture as to the Divine 
Being, and our relation to him. Thus are we 
guided in our utterance before him, " 0 Lord 
of hosts, God of Israel, that dwellest between 
the cherubim, thou art the God, even thou 
alone, of all the kingdoms of the earth: thou 
hast made heaven and earth " (Is%. xxxvii. 16). 
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I content myself with a mere summary; 
for a full knowledge we must take the Bible 
itself, knowledge of which must be presumed 
as the condition of criticism, though criticism 
has been abundant which has borne witness 
to ignorance of the revelation criticised,- 
ignorance so marked that had it applied to 
science i t  would have been held a proof of 
incompetence for criticism. We are now to 
take the Bible representation of God, and of 
his relation to us; and on the other hand 
of man's faith in him, and spiritual devo- 
tion and service. These are the materials 
to be harmonized with the teachings of sci- 
ence, by demonstrating that the testimony of 
science points to a government of the uni- 
verse harmonizing with the testimony of 
Scripture. And here it is needful that there 
be explicitness, that our thesis may be placed 
beyond doubt. The purpose is not merely to  
show that science lays no foundation for de- 
nial of a Supreme Intelligence, or for an athe- 
ist.ic conception of the universe; nor merely 
that it affords no place for belief in Deity 
without knowledge of his nature, for utterance 
of an empty name, without intelligible con- 
tent, or an agnosticism, which affects to cele- 
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brttte the praises of Ignorance, in homage to 
the name of science; nor merely an immanent 
or indwelling Deity, who is in all things, gnd 
all things in him, so that he is the unifying 
power, the soul and life of all that is, includ- 
ing those strange contrasts which we call good 
and evil; but passing all these representations 
as strange and alien to the Bible, to show 
that religion and science find their harmony 
in recognition of a Transcendent Deity, a per- 
sonal Deity, distinct from the universe,-a per- 
sonality ruling in righteousness, and delight- 
ing to meet the desires of intelligent beings 
longing after the perfection of holiness. 

I can imagine that some devoted students 
of science are prepared to object to having 
any share in a discussion which is to include 
as one of its terms such a purely spiritual con- 
ception as this, involving a spiritual relation,- 
and having as its practical expression a spirit- 
ual life. 

Not a few scientific men may be prepared 
to say that all this is quite remote from the 
region with which they are familiar,-that 
science can hardly be said to come into con- 
tact with such a spiritual region of inquiry. 
And 1 grant that there is reason for urging 
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such a consideratioii. Science can not occupy 
the place of religion, any more than religion 
can occupy the place of science. But if there 
be any on that account feeling themselves pre- 
cluded from entering on the discussion, they 
do thereby proclaim themselves disqualified 
for making any affirmation as to conflict be- 
tween the two courses of thought and inter- 
est. The logical fairness of this argument ad- 
mits of no challenge. Either scientists must 
refrain from assertions of conflict,-or they 
must take the declarations of the Bible, and 
prove their antagonism to the teachings of 
science, recognized as belonging to a differ- 
ent sphere of inquiry. As well propose to 
criticise the conclusions of astronomy in dis- 
regard of spectrum analysis, as propose to 
criticise the intellectual worth of religion in 
neglect of its spiritual significance. 

I next pass over to inquire what Science 
is, taking its own testimony concerning its 
province and purpose, as I have taken the 
testimony of religion. Science has for its 
sphere or province the whole field of out- 
ward observation; and has for its purpose the 
explanation of facts within this field, either 
by means of direct observations as to the re- 
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lations of things, or by logical inference from 
such observations. This field of study is full 
of interest, and practically inexhaustible. The 
trustworthiness of the method admits of no 
doubt, whether we consider direct observa- 
tion, or guarded and careful inference from 
things observed. To trust our powers of ob- 
servation, and to rely on our reasoning fac- 
ulty, are the fundamental conditions of all 
knowledge. Through these avenues religious 
knowledge must come, as well as scientific. 
The risk of conflict is thus excluded here. 
Nor will any one dispute the inherent value 
of scientific knowledge." Least of all could 
such a challenge come from a religious basis, 
for the book of nature is to the religious 
mind the revelation of God in its own place 
and form, just as the Bible is in a different 
and higher form. The reverence belonging 
to religion will not derogate from the dignity 
of science. The natural and genuine ten 
dency of religious thought must be to exalt 
science, in its proper sense, as a verified ex- 
planation of the facts of existence. A con 
trary tendency can arise only in one of two 
ways, either when religion is driven back on 
the defensive on account of scientific theory 

See Appendix L 
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assuming an attitude of antagonism; or when 
religious thought has been contracted into 
narrow and hardened form, such as to en- 
courage isolation from regions of investigation 
personally disliked. I n  the one case, dis- 
honor is reflected on scientific thinking, in the 
other, dishonor is cast on religious thought. 

These considerations will indicate the true 
intellectual spirit in which we should face the 
question concerning the relations of religion 
and science. To our rational nature, every 
thing which is entitled to rank as genuine 
knowledge must be matter of interest; and re- 
liance on common means of acquiring know- 
ledge, must involve confidence in the unity of 
all truth, and the possibility of demonstrating 
such unity, if only it be possible for us to 
penetrate deep enough, and extend our re- 
searches wide enough,-a confidence which 
will not be sacrificed even when the actual 
unity waits discovery. As each one of the 
planets diffuses its own share of light, and all 
combine to constitute the solar system, so 
each science must be a centre of knowledge, 
and all combined must constitute a system of 
truth. 

This being granted on purely intellectual 
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grounds, our concluding point is connected 
with competency to enter upon critical in- 
quiry as to the harmony of religion and sci- 
ence. What has been said as to knowledge 
of the Bible as a prerequisite for the discus- 
sion of our problem, must equally hold as to 
science. One thing, however, needs to be 
fairly stated and deliberately allowed; the 
possibility of intelligent and adequate criti- 
cism does not iinply full acquaintance with 
scientific methods, and personal ability to test 
the results of their application. Most of us 
must be content to take our scientific know- 
ledge on trust, as Chaucer did, when he de- 
clined to enter upon the intricacies of astro- 
nomical study, because he was too old for 
making satisfactory progress.* To accept 
scientific conclusions without personal verifi- 
cation is simply inevitable. When scientific 
men themselves have come to a general agree- 
ment, and are not any longer in conflict on a 
particular conclusion, this must be enough for 
the great majority of intelligent inquirers. 

" 'Wilt thou learne of sterres ought?' 
'N&y, certailily,' quod I, 'right naught.' 
'And why ? ' quod he. For I am old. "' 

HOUSE OF FUE, B. 11, 487. 
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There is not, in this, absolute security for ac- 
curacy, but neither is there such security in 
the circumstances for scientific men tliemselves, 
and there can be no reasonable ground for hes- 
itancy or complaint, either on our part or on 
theirs, if we are ready to accept general agree- 
ment as sufficient testimony for the time. It 
would be utterly impracticable and unrea- 
soning to insist that we can not intelligently 
accept the conclusions of astronomy unless 
we are able to go through the mathemat- 
ical processes; or the main facts of human 
physiology unless we have verified each posi- 
tion by personal investigation into the struct- 
ure of the organs, and the conditions of func- 
tional activity. Conjectures find from an 
intelligent public no higher acknowledgment 
than is due to conjecture, simply because 
those who have devoted themselves to re- 
search'in the department concerned are not 
agreed in attributing to them any higher sig- 
nificance. On the other hand, conclusions are 
accepted as true, however much they may be 
a t  variance with previously existing convic- 
tioa, when the great majority of scientific in- 
quirers have admitted the observations to be 
undoubted or the reasonings conclusive. This 
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is the only conceivable test. It is that which 
scientific thinkers must themselves recognize 
as the rule of credence in all departments of 
investigation lying beyond their own familiar 
field of study; and it is that which is naturally 
accepted by the whole body of non-scientific 
readers and thinkers interested in the advance 
of knowledge. All practiced theologians, and 
all upholders of religion on the ground of in- 
telligent warrant for belief and practice, only 
take the ground of common intelligence when 
they accept implicitly the conclusions reached 
by scientific procedure. 

Whatever then may be the evidence of 
conflict between science and religion, and 
whatever the difficulties lying in the way of 
working out reconciliation, there is clear 
warrant for claiming common ground from 
which to start, and that so ample and secure 
that it is provided by scientific inquiry itself, 
and generally accepted by educated men of 
all classes. There can be no patchwork con- 
trivance, made up of what may be taken to  
be final statements of theological and scientific 
positions. We do not aim a t  some agglom- 
eration of materials gathered from opposite 
quarters and brought together with the de- 
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sign of constructing a compact and durable 
unity. Neither from the side of religion, nor 
from that of science, could such a proposal 
find countenance. Each must work from 
its own basis, the one from Revelation, the 
other from Nature. Each must go on its 
own course of development and active ser- 
vice, unaided and undeterred by the other. 
And from age to age in the world's progress 
it must continue part of the task connected 
with intelligent existence, to go from one to 
the other, in search of the lines of harmony. 
From both sides must come an impulse to 
this search for agreement. From the scien- 
tific side, by an intellectual necessity, for all 
intelligent research presses on towards unity 
in a complete conquest of the region of inves- 
tigation, pushing out in distinct lines with 
full conviction of the harmony of being, and 
of conclusions expressing so much of this 
harmony as has been definitely ascertained. 
And what is no less certain, though not so 
freely admitted, all investigation as to the 
laws of existence, even that which proclaims 
confidence only in observation, with inference 
from what it discloses, is urging the human 
mind onward to a higher range of cluestions 
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as to existence beyond observation, and the 
causes of things visible. Impotent in the ex- 
treme has been the voice of a "positive '' phi- 
losophy, denouncing the search for causes, 
sounding its trumpet call to rally all divisions 
of scientific workers to search exclusively for 
facts, as if such workers were but a band 
of quarrymen, boring, blasting, and gather- 
ing up shattered fragments of rock. For 
facts must science ever search; with nothing 
short of ascertained facts can it be satisfied; 
but, having found them, it must classify and 
harmoiiize, seeking for the laws which regu- 
late their occurrence, and for the causes by 
which they may be rationally explained. 

On the other hand, from the sphere of 
religion must ever arise a powerful impulse 
to seek harmony of conviction with the veri- 
fied results of scientific research. This may 
be expected to prove a more urgent and 
practical necessity than that which operates 
from within the region of science. The be- 
lief in a personal Deity, as the source of all 
dependent existence, and the controller of all, 
leads by a necessity both intellectual and 
spiritual to a search for order in all things, 
and a harmony of the universe. Viewed 
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only as an intellectual discipline,-and this 
is an important though partial view of it,- 
religion develops what may be described as 
the intellectnal instinct, craving for know- 
ledge, with expectation of order and harmo- 
ny everywhere, and with prospect of ample 
reward for patient research. Religion, begin- 
ning with the conception of a transcendent 
Being,-seeing in finite existence a creation 
and a cosmos,--gives inore powerful stimulus 
to search for harmony of truth, than can be 
said to spring from science. The latter by 
the necessity of its procedure begins by con- 
tracting thought in order to concentrate, and 
is apt to encourage its most devoted servants 
to work on isolated divisions of existence, 
relegating to a distant future the greater and 
more puzzling task of contenlplating the har- 
mony of all sciences. It is, then, by pressing 
into view an urge~at practical and personal 
need, that religion may be said in the history 
of individual life to contribute the strongest 
motive power towards such intellectual effort 
as is concerned with the harmonizing of all 
truth. This will appear in personal experi- 
ence according to the intellectual activity of 
the individual, under the requirenlents of his 
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religious life, and in study of all that belongs 
to the system of the universe. This being 
recognized and avowed, as following from the 
very nature of religion, it devolves on the 
Church in all its divisions,-the brotherhood 
of believers,-to manifest a genuine and pro- 
found interest in the progress of science, 
making felt in the world the full influence of 
the spirit, at  once scientific and religious, 
which seeks to discover and demonstrate the 
harmony of created existence. 



LECTURE 11. 

EXPERIENCE GATHERED FROM PAST 
CONFLICTS. 

T H E R E  have been within quite recent 
times conflicts as to the relations of 

science and religion, which have now lost 
their living interest. All classes greatly af- 
fected by current literature, and scientific dis- 
cussion, whether ranking themselves' on the 
aide of religion, or otherwise, were deeply 
moved by them. It appeared at  the time, 
as if some new position were to be marked 
off, destined to affect our whole conception of 
the government of the universe. The expec- 
tation was not verified; public interest died 
away; and preparatioi~s for conflict were 
abandoned, on account of the unexpected dis- 
covery that there was nothing to fight about. 

It is a wise rule affecting our busy life, 
crowded with present-day duties, that we al- 
Tow subjects quietly to drop out of view 
which ha& lost. living interest. But this wise 
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rule is turned to unwise ends, if it make us 
forgetful of the lessons of the past. Scientific 
progress consists in the abandonment of un- 
tenable positions, for occupancy of others 
proved to be more reliable. Accordingly the 
conflict which seems to threaten the interests 
of religion wears now one aspect and now an- 
other, as determined by the stage of scientific 
progress which has been reached. But all 
intellectual progress is an evolution, bearing 
at every moment some trace of what has been 
left behind, as well as evidence of accretion. 
A large amount of the experience connected 
with intellectual life is gathered from events 
connected with abandoning positions of past 
interest, as well as from those associated with 
what is new. I propose, therefore, though 
within comparatively narrow limits, to refer 
to past conflicts, quite recent, but practically 
at an end. The ebb and flow of intellectual 
interests follow in such rapid succession, and 
each is so absorbing during its continuance, 
that we readily forget the tangled waste bur- 
ied from sight under the spring-tide of rising 
expectation. We easily lose sight of the past, 
even though it lie close a t  hand, and as we 
feel the pulse of life beat high in proportion 
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to the vividness and apparent value of our 
prospects, we are ever liable to overestimate 
the importance of the present position, thus 
severing ourselves too readily from all that 
lies behind. There may be reason for cutting 
down bridges in the rear, if there be appre- 
hension of cowardice in the ranks; but where 
the calmness and courage of resolute progress 
are found, there is no need for a yawning 
chasm behind. It is true, indeed, that just 
beyond some bridges recently crossed, there 
lie a good many traces of humiliation. And 
it is according to the tendency of human 
nature, whether religious or anti-religious, to 
turn away froin that which occasions uneasi- 
ness. But there is a moral, as well as an in- 
tellectual demand, for thoroughness in recog- 
nizing the continuity of events. The scielitific 
spirit can not excuse a covering up of past 
failures, as the formulating of verified results 
must imply testinlony concerning them. It is 
of the very nature of religious conviction that 
we should learn from the failures of the past, 
and should advance out of them with higher 
wisdom. By common consent, therefore, we 
can have no accurate survey of the present 
situation, without making account of what has 
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been recently passed, as well as what may be 
regarded as pressing upon our notice in these 
days. 

We do not need to travel a long way to 
the rear in order to discover how far astray 
vr7e may be, both in expectations and in ap- 
prehensions; how readily we may get into 
confusion as to the interests involved in ex- 
citing controversies; and how much we need 
caution, making allowance for our partial sur- 
vey of facts, and our uncertainty as to what 
may open up. 

By way of illustration, I shall refer to the 
history of discussions concerning so-called 
"spontaneous generation," mixed up with as- 
certained facts as to protoplasm, bathybius, 
or " living slime," as it has been called, and 
bacterium. The question eagerly discussed 
was whether there might be origin of life, 
without development from germ, seed, or 
ovum. The problem was one of those sug- 
gestions apt to arise under pressure of new 
conjectures and theories. While the scientific 
world was astir on the question of develop- 
ment, attention was turned for a time tow- 
ards the possibility of a fresh beginning of 
organic forms, life which should be no de- 
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velopment, but should rather seem as an 
uncaused existence,-" spontaneous genera- 
tion." It might have been urged that the 
suggestion was contrary to reason; that " in- 
exorable logic," of which we often hear from 
scientific observers, forbade the supposition ; 
that all the conditions of scientific thought 
were against it ; that the very conception of 

~pont~aneous generation " m7as a logical in- 
consistency, alien to the requirements of sci- 
entific thought, as implying uncaused exist- 
ence; but we were reminded that we are 
prohibited from supposing any thing is im- 
possible in the pathway of science, .that obser- 
vation must be first, and reason only second, 
and accordingly the needful experiments went 
on under all due precautions. The brief 
chapter in the history of science which re- 
cords expectations and results connected with 
these experiments, well deserves to be re- 
membered. It is here selected for illustra- 
tion, both on account of its inherent im- 
portance, and its relation to the theory of 
development, which must afterwards have 
special attention. 

Some descent is required from ordinary 
scientific observation to the level where this 
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question is discussed. From the germ-cell, 
we pass down to an albuminous substance 
spread over the ocean-bed, said to have life, 
or we descend to microscopic organisms, such 
as bacteria; and a step lower down still, we 
are introduced to the question whether in 
water passed through the boiling process so 
as to guard against the presence of germinal 
forms, we may not witness the origin of life. 

The question so raised had additional inter- 
est because of the bearing it rnight have on 
the first appearance of life in the history of 
this world. This interest was shared on both 
sides, by those who held that creation is a 
conception not only alien to scientific thought 
(which it may well be *), but inconsistent with 
it; and by those who regarded creation as the 
only conception adequate to meet rational re- 
quirements. The question had at  the same 
time a direct practical interest connected with 
public health, on acco~ult of its bearing upon 
the diffusion and vital tenacity of spores or 
germinal forms capable of spreading conta- 
gious disease.? 

* Science can not reach the beginning of things. 
t Fee Disease Germs, their Nature and Origin, by  Beale. Lon- 

don, Churchill; Philadelphia, Lindsay and Blaikiston. 
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The controversy on this subject was at  its 
height in the years 1876, and 1877, having a 
large amount of most carefill and difficult ex- 
periment devoted to it. The result has been 
a valuable addition to scientific knowledge as 
to the vitality of germinal forms, and a quietus 
to theories as to " spoiitaneous generation." 

The direct object placed before the scien- 
tific mind ~vl~ei i  the discussioii arose was this, 
-to ascertain whether an origin of vital ac- 
tivity could be observed in the midst of mate- 
rials from which all germinal forms of life 
were certainly excluded. 

The selection of materials to experiment 
upon was for a time according to the fancy 
of the experimenter. It was not proposed 
that a vacutun should be made by withdrawal 
of all air from a glass vessel, thereafter watch- 
ing for the appearance of some organic form. 
Nor was it suggested that pure water might 
be taken from. a spring, and boiled, and left 
standing under daily observation. A great 
variety of materials was selected to provide 
'an infusion which might afford the conditions 
for application of scientific tests. In  this way 
the followii~g materials were used and tested, 
infusion of turnip, of pounded cheese, hay, 
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meat, fish, besides egg-albumen, blood, and 
urine. Vegetable productions, animal tissue, 
and secretions of the human body closely con- 
nected with vital processes, were thus sub- 
jected to test. In the history of investiga- 
tion, attention ultimately concentrated on the 
infusion of hay and on urine. Observations 
were conducted in Paris and London; results 
were published from time to time; singular 
divergence became apparent in these recorded 
results; this led to controversy, which became 
so keen, that the Academy of Sciences in Paris 
appointed a commission of three to adjudicate 
upon a challenge given by M. Pasteur of Par- 
is to Dr. Bastian of London; which Com- 
mission met in Paris on 15th July, 1877, but 
never adjudicated in the matter." 

The perplexities encountered in con.ducti11g 
observations arose chiefly from two causes: 
the difficulty of ascertaining the temperature 
at  which living organisms were certainly de- 
stroyed, and the materials sterilized; and that 
of guarding against interference with this state 
when established, by contact with the atmos- 
phere. The latter perplexity, involving much 
care, skilful manipulation, and mechanical con- 

* Nature vol. xvi. p. 276. 
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trivance, was at last overcome by the con- 
struction of glass tubes, separating for a time 
the distinct materials, with facility for their 
mixture a t  the proper moment without con- 
tact with the air. 

The true scientific difficulty, however, was 
determination of a reliable test for destruc- 
tion of germinal forms, either adhering to the 
materials, embedded in them, or floating in 
the atmosphere. The history of observations 
bearing on this question is deeply interesting. 
In  the earlier tentative experiments, the ma- 
terial placed under observation was boiled; it 
was concluded that no vital organism could 
endure this process; and the material was 
kept for a time in a temperature of from 
seventy to eighty degrees Fahr., which was 
regarded as favorable to the development of 
K .  In process of time, a deposit appeared 
in the tube, and this when examined under 
the microscope was found to contain bacte- 
ria,* living, moving germinal forms so minute 
as to require high magnifying power for their 
discovery. Here then was " spontaneous gen- 
eration." Who could be so credulous as to 

* Examples of the bacteria magnified 1,800, 3,000, and 5,000 
times are given in Plate I. p. 16, of Beale's Disease Gems, 
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believe that minute organic forms could live 
through the boiling process? If this appeared 
too absurd to fancy, then spontaneous gener- 
ation, or actual origin of life out of non-or- 
ganized matter, must be held to be estab- 
lished. It was only the audacity of prejudice, 
and hopeless alienation from the " advanced 
thought " of the time, which could induce any 
one to doubt, in face of these experiments, 
carefully recorded and published.* Scien- 
tific observers of great experience and repu- 
tation felt it needful to express themselves 
with caution, leaving results to be tested. 

A considerable number of investigators be- 
gan to turn their attention to the subject, and 
a period of seven years was occupied before 
the results became so certain as to be prac- 
tically final. Pasteur, Pouchet, and Joubert 
were at  work in France, Crookes, Child, 
Beale, Roberts, Bastian, Tyndall and others 
in England. 

All experiments concentrated upon cer- 
tainty in sterilizing the substance operated 
upon. Pasteur pointed out that the chem- 
ical properties of the infusion affected the 

* For Dr. Bastian's experiments see Times, April 13, 1870; 
and Nature, June and July, 1870. 
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vitality of the microscopic germs inclosed in 
it; and Roberts at a later stage confirmed this 
by independent investigation, proving " that 
slightly alkaline liquids are more difficult to 
sterilize by heat than slightly acid liquids." 
I n  this way, it was shown that distinct rec- 
ords of temperature were needful, greater 
intensity of heat being required in some 
cases than in others, in order to secure de- 
struction of germs. The facts were illustrated 
by hay infusion, " the acid infusion invariably 
remaining barren after a few minutes' boiling, 
and the neutralized infusion invariably be- 
coming fertile after a similar boiling." -/- The 
neutralizing element was liquor potasss, and 
the next question started was this, Did the 
liquor potasss enable the germs to live 
longer under the boiling process, or did its 
infusion operate so as to originate life where 
germs no longer had any existence ? A con- 
trivance was adopted by which the boiling 
could be applied to the hay inf~~sion, while 
the liquor potasss was kept enclosed in an- 
other part of the tube, ready to be added 

* Contribution to Royal Society of London. Nature xv. p. 
802, Feb. 1, 1877. 

t lb. 
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without exposure to the air, after the boiling 
process was over. When added in this way, 
"the liquor potassae had not any power to 
excite germination:'' the expectation that a 
certain mixture of acid and alkali would 
originate life was disappointed; all the earlier 
experiments were discredited. Still, some 
clung to their expressed belief, for there is a 
prejudice of advanced thought, as there is 
a prejudice of old beliefs. Tenacity of avowed 
opinion, with strong love of research, pro- 
longed the inquiry, and led to more decided 
evidence. 

The controversy was conducted by Dr. Rob- 
erts against Dr. Bastian, while all the experi- 
ments of Professor Tyndall were converging 
upon the same conclusions as those reached 
by Roberts.* That Bastian had obtained bac- 
teria after boiling, admitted of no doubt, and 
he naturally clung to this fact as encouraging; 
others regarded it as only misleading. Bas- 
tian maintained that the allrali had a positive 
power of originating life, and stated one hun- 
dred and twenty-two degrees Fahr. as favor- 
able to the appearance of life. Roberts took 
ten examples of sterilized urine, and twenty- 

* Nature vol. xv. p. 303, and Appendix IL 
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nine examples of fermentible liquids which 
had renzained over from the earlier experi- 
ments of 1873-74, and these thirty-nine ex- 
amples were subjected to careful experiment 
and observation. I n  the first ten cases, the 
tube was heated in oil for fifteen minutes up 
to two hundred and eighty degrees Fahr.; the 
ten tubes were then set in a warm place (from 
seventy degrees to eighty degrees Fahr.) for 
a fortnight; the contents were transparent; the 
alkali was then allowed to mingle with it, and 
the tubes were placed in an incubator kept 
at  a temperature of one hundred and fifteen 
degrees Fahr.; at the end of two days there 
was a sediment, and the liquor was clear; the 
tubes were replaced in the incubator, the tem- 
perature being raised to one hundred and 
twenty-two degrees Fahr. as recommended 
by Dr. Bastian; there they ~ontinued for three 
days; they were then withdrawn and placed 
under the microscope, but no trace of living 
organism was found either in the fluid or in 
the deposit under it. The twenty-nine cases, 
including a variety of vegetable and animal 
preparations were next treated in like manner, 
and with like results. Tyndall's experiments 
were reported to the Royal Society of London 
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a t  the same time, with exactly the same re- 
sult. M. Pasteur had previously reported to 
the Academy of Sciences in Paris to the same 
effect. It was thus proved by a mass of evi- 
dence that if proper precautions were taken 
to destroy germinal forms, no mixture of al- 
kali with acid, whatever the variety of mate- 
rials selected, was adequate to produce life. 

A few months later than the communica- 
tions of Roberts and Tyndall, that is, May, 
1877, the results of ten years' experiment, 
first by Mr. Dallinger himself, and thereafter 
by Mr. Dallinger and Mr. Drysdale conjointly, 
were communicated to the Royal Institution, 
London, on " t,he origin and development of 
minute and lowly life forms." " The purpose 
of these experiments was to watch the growth 
of the minutest germs, capable of being seen 
only under a powerful microscope, putting to 
actual test their tenacity of life. The largest 
objects were one-thousandth of an inch, the 
smallest, the four-thousandth of an inch. Six 
distinct forms were selected for observation, 
and their history was made out. A magnify- 
ing power of five thousai~d degrees was used. 
I n  the glairy fluid a monad larger than usual 

* Nature vol. xvi. p. 24 
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seized on a smaller; they became fused after 
swimming about together; the single object 
then appeared a motionless spec; this proved 
to be a sac, from which at the close of a pe- 
riod varying from ten to thirty-six hours, it 
burst, and young spores became visible in the 
Buid, which were kcpt under observation till 
they reached maturity. Special interest was 
connected with these observations not only 
as illustrating the growth of spores, or germs; 
but as allowing application of the test of heat 
at  different stages of growth. When this test 
was applied, it was found that one hundred 
and forty degrees Fahr. was sufficient to cause 
the death of adults, whereas the young spores 
were able to live notwithstanding the applica- 
tion of three hundred degrees Fahr. for ten 
minutes. I n  this direction fresh discovery 
was to be made. 

In  June 1877,-a month later,-Professor 
Tyndall gave the record of further researches.* 
These presented additional results as to de- 
grees of temperature requisite for destroying 
lnicroscopic organisms. It had been already 
shown that alkaline liquids are more difficult 
to sterilize, than acid liquids; it was further 

* Ndure vol. xvi. p. 127. 
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shown that the death point was higher in air, 
than in water; for Professor Tyndall ex- 
tended his researches to air, as well as liquid. 
First dealing with the fluid form, he found 
germs possessed of vitality so singular that 
five or six hours of boiling did not destroy 
them, and in one case eight hours was insuffi- 
cient for the purpose. I n  this connection, he 
came to tlie conclusion that some germinal 
orders were more easily destroyed than others. 

When dealing with bacteria, he found that 
they differed from other forms in this, that 
they rose to the air as if it were a requi- 
site, whereas other germs, such as those be- 
longing to the process of fermentation, could 
exist without oxygen. This led to an addi- 
tional form of experiment, with the view of 
deciding whether bacteria could be destroyed 
by withdrawal of air; and if so, whether the 
bacteria would reappear after the existing mi- 
croscopic life had been stifled. Tyndall began 
by applying the air-pump. Under this pro- 
cess the bacteria were enfeebled greatly, but 
not destroyed. Thereafter Sprengel pumps 
were used, by means of which the air dis- 
solved in the infusions was withdrawn, as well 
as that diffused in the spaces above. In 
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numerous cases there was success in destroy- 
ing the germs by removal of the air in this 
way without any boiling process. I n  these 
cases, the air was carefully restored, precau- 
tJions being adopted to guard against admis- 
sion of germinal forms, and in no case did life 
reappear in the infusions. As in the more 
corninoil style of experiment, the warmth 
suitable could not charm the life back again; 
so in this, the restoration of oxygen, could 
not secure restoration of life. 

Thus evidence from all sides directed surely 
to the conclusion that the alleged discovery 
of " sponta~ileous generation " was a delusion, 
the result of hasty and insufficient experi- 
ment. Dr. Bastian, nevertheless, stuck he- 
roically to his original position, and came 
into conflict with M. Pasteur of Paris, by 
means of a communication which the English 
Professor had sent to the Academy of Sciences 
in July of the previous year, 1876. I n  the 
beginning of 1877, M. Pasteur threw down 
an explicit challenge to Professor Bastian, 
which resulted in the appointment of a com- 
missioil to observe the  experiment,^ and adju- 
dicate. With this terminates the history of 
nearly ten years of curious and singular in- 
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vestigation, and Dr. Bastian himself has sup- 
plied the history of the closing scene, laying 
open the whole correspondence to public in- 
vestigation, as if he were unconscious of the 
conlplete demolition of his favorite theory 
of " spontaneous generation." The 15th of 
July, 1877, witnessed the close of a battle he 
had been fighting against steadily increasing 
odds, and which he had begun in June, 1870. 
Dr. Bastian's position was " that a solution of 
boiled potash caused bacteria to appear in 
sterile urine at fifty degrees Cent., added in 
a quantity sufficient to neutralize the latter." 
These he regarded as the physico-chemical 
conditions for spontaneous generation of 
bacteria. 

The challenge from M. Pasteur was in these 
terms;-" I defy Dr. Bastian to obtain, in the 
presence of competent judges, the result to 
which I have referred with sterile urine, on 
the sole condition that the solution of potash 
tvliicli he employs be pure, i. e., made with 
pure water and pure potash, both free from 
organic matter. If Dr. Bastian wishes to use 
a solution of iinpure potash, I freely authorize 
him to take any in the English or any other 
Pharmacopeia, being diluted or concentrated, 
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on the sole condition that that solution shall 
be raised beforehand to one hundred and ten 
degrees for twenty minutes, or to one hundred 
and thirty degrees for five minutes." 

A Commission was appointed by the Acad- 
emy, and Dr. Bastian agreed to appear before 
it, but only on conditions he laid down greatly 
restricting the range of inquiry. He ignored 
the first and most searching form of M. Pas- 
teur's challenge; claimed that the adjudicatioil 
of the Commission should be only on the sec- 
ond; and further stated that if the Commission 
were " to  express an opinion upon the inter- 
pretation of the fact attested, and upon its 
bearings on ' the germ theory of fermenta- 
tion,' or ' spontaneous generation,' " he would 
respectfully decline to take part in this wider 
inquiry. The Commission refused to be re- 
stricted to the worst form of the experiment, 
and to be bound to withhold an opinion as to 
its bearing on the question of " spontaneous 
generation." Dr. Bastian went to Paris, but 
the inembers of the Commission declined to 
deal with less than the challenge given, and 
the meeting was never properly constituted. 
" Thus ended," as Dr. Bastiai~ has said, " the 
proceedings of this remarkable Commission 
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of the French Academy." The proceedings 
ended before they had begun. Dr. Bastian by 
his re~t~rictions, surrendered the real question 
at  issue, and practically acknowledged that he 
would not submit it to the judgment of the 
Commission. He sought only testimony as to 
his own form of experiment, which there was 
then good reason to know was accurate, be- 
cause M. Pasteur had stated a temperature 
too low, and a time too short, but which was 
at  the same time an experiment of no scien- 
tific value for establishing " spontaneous gen- 
eration." Thus ended a battle which had 
been protracted long after it was to all ob- 
servers manifestly lost. 

The discussion thus narrated may be easily 
overestimated, but there seems even more risk 
that the manifest failure should lead to an 
oversight of the value of the protracted in- 
vestigations. These convey lessons of special 
value to scientific inquirers on the one hand, 
and to theologians on the other. They are of 
great value for illustrative purposes in such a 
course of lectures as the present, and that 
because they provide needful training for in- 
telligent observation of the advance of science. 

The promulgation of the development the- 
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ory of species has given a conception of the 
unity of organic life in the world, which even 
in its most modified form has an imposing 
grandeur. Influenced by this, scientific men 
are naturally concerned to make out, if pos- 
sible, some connection between inorganic and 
organic being. To work at  this, is part of the 
inevitable task of science, even though the re- 
sult should be only to establish the helpless- 
ness of science in dealing with it. 

We have chemical and dynamical theories 
of life which stimulate repetition of experi- 
ments, in the hope that some grand discovery 
may be made. Those just described present 
a curious illustration. I n  the circumstances, 
we can well underst,and the persistence with 
which Dr. Bastian clung to his supposed dis- 

' 

covery of the physico-chemical conditions for 
production of living organism. 

Science finds in these experiments a fresh 
lesson of the need for caution, guarding against 
the hampering influence of popular notions, as 
in reference to the probable effects of the boil- 
ing process. For if the experiments have 
proved a failure so far as support to a theory 
of spontaneous generation is concerned, they 
have revealed a tenacity of life belonging to 
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the lowest microscopic organisms, far beyond 
higher organic forms, and the consequent 
weakness of ordinary human devices in strug- 
gling against the development of such germs. 
These experiments also emphasize the need 
for attention to the laws of rational proced- 
ure, as well as to skill in experimental obser- 
vation, if science is to be exempted from 
needless toils. 

Theology has here also a lesson of patience, 
for i t  may well leave science to do its own 
work, undisturbed by apprehensions as to 
possible consequences to morality and relig- 
ion. All that the telescope can reveal, and 
the microscope can make known, through 
years of experimenting, we wish to have dis- 
covered, for only thus shall we come t o  un- 
derstand the world's lessons of wisdom and 
power lying far beyond the range of our un- 
aided vision. All the churches of Christ have 
reason to hail the extension of scientific know- 
ledge. Those who set high account on patient 
interpretation of the written Revelation, have 
reason to value this laborious reading out of 
the lessons written in the book of Nature. 

A wider and more general result may be 
expected than that which bears directly on 
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the relations of science and religion. All in- 
telligent readers of scientific discussions will 
find discipline from pondering these experi- 
ments. They illusti-ate the toil connected 
with scientific research, the risks which beset 
such inquiry, and the limits of scientific inves- 
tigations. There lies in these experiments a 
warning of the constant need for falling back 
not only on the laws of evidence, but also on 
the laws of reason. The mere conception of 
" spoiitaneous generation," rigidly interpreted, 
were a curiosity, coming wonderfully near a 
contradiction of scientific thought itself, which 
seeks for causes, and repudiates uncaused oc- 
currences. There may naturally enough be a 
discovery of the chemical elements belong- 
ing to definite types of organism, or of the 
form and nieasure of energy operating in life. 
Even when surmising " that possibly we may 
by the help of physical principles, especially 
that of the dissipation of energy, sometime at- 
tain to a notion of what constitutes life, mere 
vitality, notiliiig higher,'' Professor Tait has 
thought it needful to add, " but let no one 
imagine that, should we ever penetrate this 
mystery, we shall thereby be enabled to pro- 
duce, except from life, even the lowest form 
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of life." " If it were suggested that physico- 
chemical elements could originate life, chem- 
istry would easily supply the ingredients. If 
it were hinted that reliance might be placed 
exclusively on the action of air or of heat for 
producing living organism from inorganic mat- 
ter, this were to fall back on the old elemen- 
tal philosophy of ancient Greece, which the 
thought of Greece easily repudiated without 
the aid of experimental science. 

Attention is, however, here concentrated 
on the failure of these experiments meant to 
establish " spontaneous generation," and in 
this failure we find illustration of the fact that 
supposed conflicts between science and relig- 
ion are often misunderstandings and nothing 
more, based on unreliable experiments or un- 
warranted expectations. 

One other fact deserves to be recorded and 
placed in companionship with that just stated, 
that some of the alleged conflicts between sci- 
ence and religion are delusively so described, 
on account of misunderstanding or misrepre- 
sentation of religion. They are fictitious ar- 
ticles, requiring to be properly branded, and 
quietly laid aside. A single illustration may 

Recent Advances in Physicd Science, p. 24. 
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suffice, taken from Dr. Draper's Zistory of the 
Con$ict between Religion and Hcience, which is 
easily accessible, and reasonably claims some 
attention in connection with the present sub- 
ject. The criticism here offered is not meant 
to carry a general condemnation of the book. 
This work includes a vast deal more than its 
title suggests; in the midst of much that is 
extraneous, there is not a little of valuable 
historical matter written in a clear and at- 
tractive style. The book is, however, in 
many parts misleading, often by its style 
suggesting that the author has allowed him- 
self to be carried away in his eagerness to 
make out serious conflict. The plan of the 
book is hardly compatible with fairness. This 
may be illustrated by reference to the grounds 
for selecting illustrations of Christianity. Our 
author says, " In speaking of Christianity ref- 
erence is generally made to the Roman Church, 
partly because its adherents compose the ma- 
jority of Christendom, partly because its de- 
mands are the most pretentious, and partly 
because it has commonly sought to enforce 
those demands by the civil power."* In  
view of these explanations, it may be in a 

* Pr@aoe X. 
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sense satisfactory, as suggesting more har- 
mony between science and religion than the 
general tenor of the book conveys, that Pro- 
fessor Draper has " had little to say " respect- 
ing the Protestant and Greek Churches. But 
the reasons for making the Roman division of 
the Church representative of the whole are 
far from satisfactory. It is as if one were 
bent on fighting, but determined always to se- 
lect the weakest antagonist to be found. Nor 
is the case improved by the defence offered. 
Dr. Draper says, " In  thus treating the sub- 
ject; it has not been necessary to pay much 
regard to more moderate or intermediate opin- 
ions, for, though they may be intrinsically of 
great value, in conflicts of this kind it is not 
with the moderates, but with the extremists, 
that the impartial reader is mainly concerned. 
Their movements determine the issue." * This 
is, I think, an unwise conclusion. Extrem- 
ists may determine the erratic deflections of a 
movement; they do not decide its issues. They 
discover the heat, rather than the thought, in- 
volved in intellectual conflict. They contrib- 
ute to vortex movement, rather than onward. 

In consequence of his plan of procedure, 
g Preface X. 
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Dr. Draper gives often a misleading view of 
the relative positions of religion and science. 
A reference to Chapter VI. will afford illus- 
tration. The subject is, " Conflict Respecting 
the Nature of the World." The two promi- 
nent contrasts placed at  the head of this chap- 
ter are these:-" Scriptural view of the world; 
the earth a flat surface: scientific view; the 
earth a globe.'' These are, indeed, complete 
contrasts; but the question is, Are they accu- 
rately stated ? Is there any warrant for say- 
ing that Scripture teaches that the earth is a 
flat surface? Most Bible readers of the pres- 
ent day will take this as quite a discovery. 
That there was long and earnest discussion of 
the question whether the earth was flat or a 
globe, is certain. But it is erroneous to refer 
to Scripture as the source of the f ~ r m e r  posi- 
tion. The opening of the chapter sufficiently 
disposes of the suggestion. Dr. Draper says, 
-" An uncritical observation of the aspect of 
nature persuades us that the earth is an ex- 
tended level surface which sustains the dome 
of the sky, a firmament dividing the waters 
above from the waters beneath; that the heav- 
enly bodies-the sun, the moon, the stars- 
pursue their way m o ~ i n g  from east to west, 
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their insignificant size, and motion round the 
motionless earth, proclaiming their inferiority. 
Of the various organic forms surrounding man 
none rival him in dignity, and hence he seems 
justified in concluding that every thing has 
been created for his use-the sun for the pur- 
pose of giving him light by day, the moon and 
stars by night. Comparative theology shows 
that this is the conception of nature univer- 
sally adopted in the early phase of intellect- 
ual life. It is the belief of all nations in all 
parts of the world in the beginning of their 
civilization.'' * 

In  determining the relations of religion and 
science it is impossible to accept a passage so 
general, and full of mixed references as this. 
There is, indeed, no reason to complain of 
statements as to the general impressions re- 
sulting from " an uncritical observation " of 
nature, and of the testilnony which may be 
drawn froin " comparative theology." Such 
references are to be valued, as belonging to 
an important branch of inquiry; but they are 
not to be mixed up with statements concern- 

* His toy  of the ConBict between Religion and Science, b y  J.  W .  
Draper, M.D., LLD., Professor in the University of New York, 
12 ed., p. 153. 
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ing Scripture teaching. Such commingling 
leads to confusion, and deprives a discussion 
of historical accuracy and scientific precision. 
In  view of the immense practical, as well as 
scientific interests involved, it is needful to 
guard against loose statements encouraging a 
belief in conflict between religion and science, 
where no such conflict exists. The passage 
here selected is taken as an example, and its 
criticism will indicate what claims religion has 
a right to make upon scientific men in their 
management of such discussions. It may be 
that with equal reason a similar claim can be 
turned upon defenders of religion in view of 
their criticisms of scientific discussions. But 
the real value of such investigations, from 
whatever side they come, depends upon accu- 
rate and guarded statement. It is to be 
feared, however, that Dr. Draper's theory 
that " extremists determine the issue," may 
tempt him to favor a different rule. 

To state that the scriptural view of the 
world is, that "the earth is a flat surface," 
is misrepresentation. And the variety of 
form into which this statement is thrown 
throughout the chapter makes it greatly 
worse. Thus our author speaks of " the fiat 
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figure of the earth, as revealed in the Scrip- 
tures,"* as if this quasi-scientific statement 
were part of Bible revelation. Again he 
speaks of" the theological doctrine of the flat- 
ness of the earth" being irretrievably over- 
thrown.? Once more, where speaking of the 
Copernican system of astronomy, he speaks 
of Copernicus not only as influenced by his 
exposure to punishment from the Roman 
Church, but as being " aware that his doc- 
trines were totally opposed to revealed 
truth." j: These successive statements in- 
volve additional exaggeration. 

Our author gives no references which the 
reader may examine for himself. There can 
be little doubt that he points to the exceed- 
ingly grand and impressive passage a t  the 
opening of the book of Genesis. But in that 
passage there is nothing to support the state- 
ment that " the flat figure of the earth '' is 
part of Bible revelation. That the earth has 
been supposed flat, and that this is really 
taught in Scripture, are two very different 
things. The Bible which says, that " the 
earth was without form and void, and dark- 

* History of the Conflict between Religion ancl Sdence, p. 163. 
t lb. p. 165. $ lb. p. 167. 
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~ c s s  was upon the face of the deep," and re- 
cords the will of the Supreme Ruler at  a 
later stage in these words, " And God said 
let the waters under the heaven be gathered 
together into one place, and let the dry land 
appear," * does something quite the opposite 
i 
of teaching that " the earth is a flat surface." 

Nor do the Scriptures teach that "the 
earth sustains the dome of the sky." I n  re- 
mote times such an opinion as to the resting- 
place for the great dome had its supporters. 
But there is no pretext for attributing the 
teaching of this to the Bible. The scriptural 
statement is " God made the firmament, and 
divided the waters which were under the fir- 
mament from the waters which were above the 
firmament; and it was so. And God called 
the firmament Heaven." There is no reader 
of these words, even if he have only " an un- 
critical observation of the aspect of nature," 
who can suppose that the " firmament " here 
means " the dome of the sky." This state- 
ment places certain waters " above the firm- 
ament," and there is no one who is at  once 
a reader of the Bible, and an observer of na- 
ture, who thinks of the clouds as above the 

* Genesis i. 2, 9. 
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sky; but every one knows that there is an 
expanse which bears these water treasures 
far up from the earth's surface. The word 
rendered "firmament17'* from the Vulgate 
$rnzccmentunz, really means " expanse," and 
most naturally and obviously refers to the 
atmosphere surrounding the earth, upon 
which the clouds are borne aloft, and carried 
to and fro. Taking into account the want 
of scientific knowledge of the structure of the 
earth in far past ages, and the representa- 
tions inconsistent with facts which found cur- 
rency, the true marvel is that the statements 
of Scripture so simply and naturally har~no- 
nize with discoveries not made till the six- 
teenth century of the Christian era. This is 
a marvel which will more deeply iqpress us 
the longer i t  is pondered. 

If we extend our consideration to the cruder 
notions which found acceptance in the dark 
ages, such as that to which Bruno referred, 
that the earth is a flat surface, supported on 
pill~lrs, the scriptural evidence pled in its 
favor appears grotesquely inadequate. The 
passages are these. First stands Hannah's 

* y:~,  Raqia, from y?? t o  spread out. 
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outburst of devotional feeling on the occasion 
of presenting her son Samuel before the Lord. 
In  magnifying the greatness of God, she says, 
"the pillars of the earth are the Lord's, and he 
hath set the world upon them." * Next come 
the utterances of Job, when enlarging on the 
power of the Almighty. I n  one of his replies 
to his irritating counsellors, when speaking of 
the works of Jehovah, he says, " which shak- 
eth the earth out of her place, and the pillars 
thereof tremble." j- In  another passage of 
similar construction, he says of God, " He 
hath compassed the waters with bounds, until 
the day and night come to an end. The pil- 
lars of heaven tremble, and are astonished a t  
his reproof.'' f There is no Bible reader who 
can readily fall into such an obvious mistake 
as to treat these highly figurative utterances, 
as if they vere formal revelations concerning 
the structure of the universe. As well might 
we, in reading the words of Paul concerning 
the position and influence of prominent disci- 
ples in the early church, in which he says that 
James, Cephas, and John " seemed to be pil- 
lars," proceed to deduce from this statement 
the revelation that the spiritual kingdom is a 

* I Samuel ii. 8. t Job is. 6. $ Job xxvi. 10, 11. 
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flat surface on which are based the pillars up- 
holding the heavenly kingdom into which the 
Saviour has entered. 

This short reference to the structure and 
relative position of the earth, will suffice to 
illustrate the fact that in dealing with the al- 
leged conflicts between religion and science, 
it is needful to cast aside a number of manu- 
factured difficulties, which do not arise from 
legitimate interpretation of Scripture. The 
particular criticism here introduced is adopted 
for a general purpose,-to lessen complica- 
tions, and secure a proper understanding of 
the actual relation of the Bible to scientific 
research. 

From a very early period in the history of 
scientific inquiry, it has been more or less 
clearly recognized that the Bible is not a sci- 
ence-revelation, but a revelation of religious 
truth and duty, discovering the true ideal and 
destiny of man in fellowship with God. Let 
us have it kept clear on both sides, that there 
is no divine revelation of scientific truth. Na- 
ture is its own revelation, and the only rev- 
elation, whose secrets must be laboriously 
sought out by successive generations of in- 
vestigators, from all of whom is required pa- 
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tient, persevering research, with undeviating 
and single love of truth. Those early in- 
quirers who found themselves in painful con- 
tact with the persecuting power of the Roman 
Church, such as Galileo, and Bruno, recog- 
nized to some extent that conflict with the 
Church and conflict with the Bible were not 
exactly identical. And those of us who are 
clearly and resolutely on the side of religious 
faith and religious life, have need to ponder 
this lesson of history, that those defending 
the Bible have not always been guided by 
its teaching in their defence, and have not 
always fully apprehended the Bible teaching 
on the subject with which their efforts were 
concerned. 

But what we most need in these days to 
keep conspicuous is the true view of the Bible 
as a professed revelation from God. It does 
not profess to be a revelation of facts such as 
scientific appliances are adequate to ascertain, 
while it does profess to discover facts both as 
to the universe and as to man, which science 
can not approach. It is not a history of the 
earth, but it includes within it, historical rec- 
ords of events closely connected with man's 
moral and spiritual well-being. It does not 
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train man " to regard himself as the principal 
object of the care of Nature "; " it does not even 
suggest thought in this direction, but it teaches 
that God cares for righteousness more than 
he cares for material things; that man as a 
being of flesh and blood is unspeakably insig- 
nificant, his life being " even a vapor that ap- 
peareth for a little time, and then vanisheth 
away ";t that his spiritual life, in the love of 
God and in fellowship with him, is immeasur- 
ably great, the purpose of the Bible concern- 
ing man, as revealed by Jesus Christ, God's 
Son, being this, that man shall be like to God 
in moral purity. 

From these few statements it may readily 
appear what is the attitude of the Bible tow- 
ards science. It leaves man to his own re- 
search for the structure of science in all its 
divisions; it proffers no help in such work; 
but has a range of application quite beyond 
the area traversed by science. 

In  this way we find the natural interpreta- 
tion of inevitable conflicts in the past, which 
have been roughly and often inaccurately de- 
scribed as conflicts between religion and sci- 

* Conflict between Religion and Science, p. 172. 
t. James iv. 14. 
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ence. These conflicts were in the strictest 
sense inevitable, simply because thought and 
discovery have been progressive; and it is im- 
possible for those not personally engaged in 
research to accept without reluctance new rep- 
resentations of familiar facts. If men long 
continued unwilling to admit that the earth 
moves round the sun, and that the rising and 
setting of the luminary are delusions, while 
the succession of light and darkness is real, we 
can not wonder at this slowness of assent, or 
charge it to the power of religious thought. 
The conflict was not between religion and sci- 
ence, but between popular notions and scien- 
tific observations. Often in the earlier periods 
of awakened thought, following the slumber 
of the middle ages, the contest accidentally 
wore a religious aspect, but it was so only 
because the higher intelligence and the gen- 
eral work of instruction belonged to the re- 
ligious orders. 

If, however, we give due weight to histor- 
ical facts, it will appear that the rectification 
of common thought as to the form of the 
earth, and its place in relation to the heavenly 
bodies, was achieved through the conflict of 
a later science with an earlier. Science has 



80 SCIENCE AND RELIGION. 

first taught one thing, and then abandoned its 
old positions to teach something different, and 
if religious thought was at times found in the 
ranks of the antagonists of change, it was only 
as the popular thought was opposed, and as 
all had been placed in opposition by the ear- 
lier forms of scientific teaching. We rightly 
interpret the facts, only in representing that 
science both makes its own difficulties and 
clears them; first presents the imperfect or 
erroneous views which are to be swept away, 
and afterwards trains men to more careful 
sifting of evidence and exercise of thought, 
thereby clearing and widening its own path. 

Thus are we enabled to trace the bound- 
aries of two distinct regions of thought, closely 
related, yet clearly separated. Science can 
not do the work of religion, nor can religion 
do the work of science. Each must fulfil its 
own part, and abide its proper tests. Science 
has its own place and its own task. Religion 
will simply wait upon science, leaving it to 
make its own discoveries, gladly accepting each 
one of them as it is established. The most 
reverend students of the Bible do not regard 
it as a revelation presenting a key to scien- 
tific research; though they do not hesitate to 
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express their conviction that neither in ex- 
press statement, nor in the spirit inculcated, 
does it place itself in antagonism to the search 
for truth, or the claims of any conclusions 
which can be legitimately described as philo- 
sophical or scientific. But its upholders press 
this consideration specially on scientific men, 
that the Bible has this title to be regarded as 
a book for all nations and for all ages, that it 
has proved itself intelligible to men in ages 
the least enlightened, and has also maintained 
a commanding influence in ages specially dis- 
tinguished and favored by the advance of 
science and the widening power of literature. 



INORGANIC ELEMENTS I N  THE UNIVERSE. 

I N  view of the wide range of materials at  
command, and the limits of the pres- 

ent inquiry, there is need for some definite 
method of selection, which may secure a 
careful, though necessarily very general sur- 
vey of the whole ground. That which seems 
to give most promise of meeting these re- 
quirements is the contemplation in order of 
the great leading conceptions which have re- 
ceived prominence within recent years in con- 
sequence of continued research under strictly 
scientific methods. These may be said to con- 
stitute the scientific revolution of the nine- 
teenth century, giving occasion for recon- 
structing the popular conceptions of the 
universe. They claim to mark the truly 
scientific period, inaugurated by command 
of instruments never before within reach, 
allowing an immense advance in the modes 
of research, and placing the secrets of na- 
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ture within compass of human observation 
as they had never been before. The intel 
lectual conditions for observation and in- 
ference no doubt remain simply what they 
have been; the laws of intelligent inquiry are 
the same, determining sufficiency of evidence, 
and trustworthiness in reasoning ; but the 
range of observation has been indefinitely 
multiplied, and things transcending previous 
conjecture have become matters of certain 
observation. The telescope and the micro- 
scope provided for this revolution. They 
brought the uiiiverse within range as it had 
never previously been, and thus making an 
enormous addition to the sum of human 
knowledge, suggested new modes of con- 
templating and explaining the facts which 
had been familiar through all the ages. 
There can be no reversal of all this-no 
return on the old methods. Nor can there 
be reversal in the sense of ~ve~turi i i i ig pres- 
ently recognized conclusions. There are in- 
deed hosts of theories of which it may be 
safely predicted that they will be overturned 
and forgotten; but a veritable knowledge has 
been acquired, which will certainly be pre- 
served among the treasures of the race. We 
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now know the constituent elements of many 
forms of existence, and the laws which deter- 
mine change and continuance, as these were 
never previously known; and thus there has 
been vastly extended for us the range of rec- 
ognized facts. 

To this advance, the whole human race has 
to adapt itself. I t  is not merely one class of 
men, but all; not merely one department of 
thoughtl, but all departments which must ad- 
just themselves to this new order of things. 
Religious thought is not thrown into any sin- 
gular position; it merely shares in the common 
experience, that is, the common advantage. 
And we may say religious thought is most 
prepared for the mighty revolution. This 
startling success in unlocking the mysteries 
of nature; this sudden accession to the wealth 
of our ideas, apt to have an intoxicating ef- 
fect upon those who value science and noth- 
ing higher, a,wakens reverence and gratitude 
in the religious thinker. The greater the ap- 
plication of human intelligence to the study 
of nature, and the greater the discoveries 
which reward such labor, so much greater be- 
comes the demand upon intelligence in ac- 
counting for the origin and continuance of the 
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universe, involving innumerable phases of ac- 
tivity never to be witnessed by ordinary ob- 
servers who are absorbed in their daily avoca- 
tions. The supernatural is not more remote 
from us by such discoveries as science can 
boast, but is in reality brought nearer. The 
fancy that enlarged knowledge of the natural, 
is steadily driving before it all recognition of 
the supernatural, is one of which thinking men 
will by and by be ashamed. That men should 
consider the discovery of the compoiient parts 
of certain forms of existence, or of the laws of 
well known movements, as a final disposal 
of the demands of intelligence, only shows 
how little the intellect of inquirers has been 
prepared for appreciation of the full demands 
of reason. I n  this connection, it should be 
remembered that the most profoundly scien- 
tific, have been the most cautious, least in- 
clined to boast of discovery, or to antici- 
pate the overthrow of the deeper convictions 
of the moral and spiritual life, which, as the 
necessaries of life in all ages, are least liable 
to be touched by any thing belonging to the 
region of science. Even after every allowance 
has been made for sanguine and passionate 
temperament, and for reaction against unten- 
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able forms of religious belief among opponents 
of religion," the award can not be otherwise 
than suggested. The facts are already on 
record bearing on the most testing period,- 
the transition from an old and restricted 
knowledge, to a new and greatly enlarged 
knowledge of the universe,-and the roll of 
names standing high in the annals of science, 
while devoted to religious faith and practice, 
may be accepted as a reasonable forecast of 
coming results.? 

That greater knowledge of nature by dis- 
covery of the natural causes in operation, in- 
tensifies the rational demand for recognition 
of Supernatural Intelligence, is the position 
to be maintained throughout this argument. 
The most rigid test of this position is to be 
found in the outstanding scientific conceptions 
concerning inorganic and organic nature, and 
t'he contrasts recognized between lower and 
higher organisms. The order most suitable 
for application of this test is progress up- 
wards from the most subordinate forms of 

* These allowances may well be made for Professor Clifford, 
one of t,he most extravagant assailants of religious faith. 

t Professor Tait in answer to Mr. Froude has advanced the 
evidence. lnternationnl Review, Nov. 1878, vol. v. No. 6. The 
collected papers have been republished, AtEas Series, No. 11. 
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existence to the most complex organism. A 
beginning will, therefore, be ma,la with the 
inorganic world, after which lower organisms 
may be considered, after that the relative 
place of higher organisms, and finally the 
whole class of questions concerning the pow- 
ers and requirements of mind. In each of 
these relations, I desire to inquire into the 
reasonableness of our acknowledgment of the 
supernatural. 

As the world presents a vast range of in- 
organic existence, we have to consider the 
most prominent scientific conceptions con- 
cerning inorganic elements, as these afford 
a general view of the material structure of 
the earth. 

Concentrating on this region of observa- 
tion, and taking no account, meanwhile, of 
the manifold phases of life, there are two 
forms of existence to be recognized, Matter 
and Energy. Matter is solid, visible, tangi- 
ble; Energy is invisible and intangible, but 
measurable by the work it is capable of do- 
ing. The one may be represented as the 
solid inert mass, the other as the moving 
power whose action is the source of continual 
change. This duality we must regard as es- 
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sential to the structure of the universe, for it 
is impossible to identify the two, so as to re- 
gard the world as merely a mass of matter. 
This duality is now commonly admitted as 
the result of recent scientific investigations. 
To quote the words of Professor Tait,-" It 
is only within comparatively recent years that 
it has been generally recognized that there is 
something else in the physical universe which 
possesses to the full as high a claim to objec- 
tive reality as matter possesses, though it is 
by no means so tangible, and therefore the 
conception of it was much longer in forcing 
itself upon the human mind." * This is En- 
ergy. l '  Just as gold, lead, oxygen, etc., are 
different kinds of matter, so sound, light, - 

heat, etc., are now ranked as different forms 
of energy." -j- 

Here, then, is one of the conspicuous re- 
sults of recent scientific research to which all 
our thoughts and theories need to adapt 
themselves. And it must be obvious with- 
out argumentation, that theological thought 
will not experience any serious shock, or 

* Recent Advances in Physical Science, b y  P. G. Tait, Profes- 
sor of Natural Philosophy, University of Edinburgh, p. 17. 

t l b .  p. 2. 
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even jolt, in passing over to this new line 
of rails prepared for it. 

Taking these two, Matter and Energy, as 
distinct, let us concentrate for a little upon 
each of them separately. Let us first turn 
attention upon MATTER. This form of ex- 
istence is most easily contemplated, as most 
directly presenting itself to observation. A 
piece of metal may best serve for illustra- 
tion, such as the iron out of which we form 
so many of our industrial implements. This 
metal may be mingled through earth or rock; 
it may be held in solution in water, or made 
to flow out in liquid form from the furnace; i t  
may be hardened either in the more brittle 
form of cast iron, or in the more rigid form 
known as malleable; but through - all these 
changes the material is the same. Further, 
suppose we were to receive a quantity of ore, 
and for the sake of experiment were to have 
part presented in each one of these forms, the 
quantity would continue exactly the same 
as was originally received. To quote again 
from the same author:-" The grand test of 
the reality of what we call Matter, the proof 
that it has an objective existence, is its in- 
destructibility and uncreatability-if the t e r ~  
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may be used-by any process at the com- 
mand of man. The value of this test to mod- 
ern chemistry can scarcely be estimated. I n  
fact we can barely believe that there could 
have existed an exact science of chemistry 
had it not been for the early recognition of 
this property of matter; nor in fact would 
there be the possibility of a chemical anal- 
ysis, supposing that we had not the assurance 
by enormously extended series of previous 
experiments, that no portion of matter, how- 
ever small, goes out of existence, or comes 
into existence in any operation whatever. 
If the chemist were not certain that at  the 
end of his operations, provided he has taken 
care to admit nothing and to let nothing es- 
cape, the contents of his vessels must be pre- 
cisely the same in quantity as at the begin- 
ning of the experiment, there could be no 
such thing as chemical analysis.'' * 

If now we press our inquiry further, seek- 
ing some explanation of the ultimate nature 
or structure of matter, that is, the common 
physical characteristics of matter in all its 
forms, whether air, water, or solid mass, sci- 
ence has no certain answer to give. There is 

* Recent Advances in Physical Science, p. 14. 
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no theory of the ultimate structure of matter 
which has secured general acceptance. On 
the contrary, there is the acknowledgment 
that the complexity of the problem is so great 
as completely to baffle the present resources 
of science. There have been discussions, and 
careful investigations as to the divisibility of 
matter, and it has been generally admitted on 
rational grounds, that there must be in all 
matter particles or atoms so minute as to be 
quite beyond the range of the microscope. 
This has led to the acceptance of an atonzic 
theory as in one form or another applicable to 
the structure of matter, belief in such particles 
or molecules being a natural result of scientific 
procedure. I say belief, for the existence of 
such ultimate atoms is not established on 
experimental evidence, and yet is generally 
acknowledged; for it is clearly enough recog- 
nized that there is a region of faith for sci- 
ence, as for theology, just as there must be 
for all ordinary exercise of human intelligence. 
Besides the actual divisibility of matter, we 
have in the same connection to consider its 
compressibility, for the recognized facts as to 
compression of iron, for example, or of any 
metal, seem to imply that there are certain 
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particles related to each other, which can be 
pressed in upoil each other, or brought into 
nearer proximity. There is, however, a clear 
limit to cornpressibility, as there is to divisi- 
bility of matter. Even if this be granted, 
however, we are still without a scientific ac- 
count of the ultimate structure of matter. 
This is still a perplexity to be handed on to 
future workers. There may, indeed, seem to 
be promise of aid in the analysis of different 
forms of matter, as in the reduction of water 
to its constituent gases by the action of a gal- 
vanic battery; but such processes, however 
rich in suggestiveness, are insufficient to ad- 
vance the main inquiry. It is oftentimes in 
this very class of experiments, that science at  
once manifests its power, and discovers the 
limits which encircle and restrain its efforts. 
It can decompose, what it can not recompose, 
thus leaving difficulties as perplexing as be- 
fore. And besides, even when by analysis 
the ultimate parts or chemical constituents, 
of compound substances have been discovered, 
science is unable to demonstrate that the con- 
stituent elements are ultimately composed of 
distinct atoms, as for example that oxygen 
and hydrogen are so constituted. We are 
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thus without a science of the ultimate nature 
of matter. There is, indeed, the suggestion 
of Sir William Thomson that matter of all 
Binds may be regarded as of a common na- 
ture, only variously compounded, filling space 
in a fluid state, and that itsl compressibility 
can be accounted for on the supposition that 
its ultimate forms are vortex sings capable of 
compression and expansion like an india-rub- 
ber ball; but this can not be regarded other- 
wise than as a bold conjecture, beset with a 
host of difficulties both physical and mathe- 
matical which neither Thomson nor any of 
his fellow-workers in physical science, pro- 
fesses to have yet grappled with. 

There are thus before us the chief results 06 
physical science, as to the nature of MATTER, 

when we specify that it is indestructible, that 
it consists of ultimate molecules or atoms, and 
that its compressibility is to be explained by 
pressure upon such atoms, or cohesion, or com- 
parative closeness of relation between them, 
this being greater in solids, less in liquids, and 
least in gases. 

From the structure of matter, we are led 
by science to the consideration of ENERGY, as 
distinct from matter. These two stand in 
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some respect in contrast with each other. 
In  taking a survey of the physical aspects of 
the world, we can not limit attention to the 
mere mass, or to questions bearing on its 
structure. Observation must now be turned 
on the perpetual change going on in form, 
arrangement, and distribution of materials. 
There is need for a science of all this, in ac- 
cordance with which the perpetual round of 
change may be reduced to order by reference 
to causality and the laws of its operation. 
Thus we are introduced to our ordinary con- 
ceptions concerning positiwn, that is, the sit- 
uation or place of objects, or of masses of 
material, or even of worlds, to each other; 
motion, or change of position, modifying or 
altering the relations of objects; and force, 
that is the relative amount or proportion o.f 
energy at  work for the accomplishment of such 
changes as those already mentioned. I n  these 
connections we are introduced to recently 
formulated doctrines of energy, reached in 
searching for " the cause which alters or t e ~ d s  
to alter a body's natural state of rest,'' as this 
problem was indicated in Newton's first law of 
motion. In  the earlier stages of inquiry, atten- 
tion was directed mainly on the active forces 
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of nature, as these are recognized in operation, 
admitting of calculation as to rate of move- 
ment on the one hand, and relative amount 
of force on the other. Computations of thia 
kind were necessarily involved in research con- 
nected with the movements of the heavenly 
bodies. When astronomical theory had been 
matured and a trul i  scientific understanding 
of the solar system had been reached, physical 
science had next to deal with the more gen- 
eral problem raised by the contemplated forces 
of nature, having a reference a t  once wider 
and more minute. It is not possible here to 
do more than give a very summary view of 
the doctrine of energy, its mutations, dissipa- 
tion, and conservation, as developed through 
study of the laws of gravitation, electricity, 
light, heat, etc., and now generally accepted. 
An outline will, however, suffice for an under- 
standing of the general conclusions. 

Energy is the term now employed to des- 
ignate every form of power belonging to the 
physical world capable of doing work, and of 
being estimated according to the comparative 
amount of work it can perform. The whole 
phenomena of motion thus belong to this de- 
partment of inquiry. The first distinction 
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here has been described as the difference be 
tween energy of position and energy of motion." 
Both of these must be taken into account in 
order to have a full view of the facts. ENER- 
GY OF POSITION, is illustrated by a water-head, 
or reservoir, where an accumulation of water 
is laid up in store, ready to be drawn upon for 
motive power when machinery set up in a po- 
sition somewhat lower is to be brought into ac- 
tion and made to do the work for which it has 
been constructed. ENERGY OF MOTION is seen 
when the storehouse of water is opened and 
the rush of the current sweeps along the pre- 
pared channel descending upon the great 
wheel, which sets in motion the whole ma- 
chinery. I n  such a case as this, the amount 
of work done by the revolutions of the great 
wheel is an exact measure of the amount 
of water which has passed to a lower level. 
Or let us suppose there is only a limited sup- 
ply in the water-head, and that there are no 
feeders, but that the streamlets and springs 
from which it is supplied, have ceased to flow, 
and let us suppose that the mill comes to a 
stand because of failure of motive power, the 
amount of work done up to that moment is 
the measure of the energy stored in the water- 

* See Appendix III. 
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head before the sluice was opened. This il- 
lustration indicates the mode of calculation to 
be applied to energy in all its forms, including 
the great forces of nature, before which hu- 
man power is as nothing. Taking thus the 
correlatives position and motion, we may re- 
gard the former as preparation for the latter, 
for, as Professor Balfour Stewart has said, 
" It is the fate of all kinds of energy of po- 
sition to be ultimately converted into energy 
of motion." * On this account, energy of nio- 
tion most naturally exemplifies what we un- 
derstand by energy; but on the other hand 
what has been called the energy of position 
must be regarded as a power distinctly calcu- 
lable. If a stone be thrown into the air, the 
energy expended in propelling it to a certain 
height, is the exact measure of the energy ex- 
pended in its descent. There is no need for 
entering here upon the calculations of the re- 
lation between energy and velocity, showing 
the exact proportion of the one to the other, 
or the ratio of increase according to velocity, 
which is expressed in the formula "that the 
energy varies as the square of the velocity," 
giving us an exact measure of force. 

The Conservalion of Energy, by Balfour Stewad, p. 96. 
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Aided by the conceptions of position and 
motion, we take the next step when we ad- 
vance to transnzutation or conversion of energy. 
What is made visible to us by motion is the 
transference of energy from one object or por- 
tion of matter to another. And this is the 
sole explanation of what occurs. There is no 
such thing known to physical science as the 
origin or creation of energy; all that is recog- 
nized is the disappearance of energy from one 
position and its appearance in another. If 
work has been done, energy was somewhere 
stored capable of doing it; a transmutation has 
taken place; and the work accomplished is the 
record of the process. In  recognition of this, 
every machine is merely a more or less skilful 
contrivance for transmuting energy into a form 
more convenient or suitable for human pur- 
poses. The intelligence of man simply rec- 
ognizes the law of transmutation, and deals 
with the problems which arise connected with 
the mechanical arrangements facilitating the 
process. 

We next advance a further step, only to 
embrace another phase of the same truth,- 
the complement of what has been already 
stated,-that is, the conservation of energy. 
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As we have seen, all that appears m motion, 
is transmutation or conversion of energy; ac- 
cordingly it follows, that there is change of 
position, but no destruction of energy, or ab- 
solute disappearance of it from existencc. 
This generalization is illustrated by a most 
attractive series of observations, introducing 
to a fuller knowledge of the laws of heat. 
The natural tendency of ordinary observation 
is to favor the opinion that when work has 
been done, energy is spent or lost. And this 
popular notion, which has a kind of accuracy, 
in so far as it is needful to make fresh draughts 
upon available resources, is favored by refer- 
ence to the economy of our bodily existence 
constantly renewing its demand for fresh food 
supply. But this popular tendency is easily 
explained by the circumstance that ordinary 
observation makes much more account of the 
phenomena of motion, than of the develop- 
ment of heat as a direct consequence. The 
machinist can not, indeed, afford to make lit- 
tle of the consequences of friction; but the 
ordinary observer makes much more of mass, 
and complication of mechanical contrivance, 
&!d velocity of movement. From this he 
passes easily to the fabric, or other produc- 
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tion, sent forth; and then he may occupy 
himself with calculations bearing on the ex- 
penditure for coals and labor, along with tear 
and wear of machinery. But scientific obser- 
vation has concentrated much more on the 
evolution of heat, and out of this has come 
the completed theory of the laws of energy. 
In  this way, it became matter of distinct cal- 
culation that friction and percussion convert 
energy into heat. 

Along with these observations we have to 
remark upon an attendant conclusion, which 
has an important bearing on all speculation 
concerning the destiny of the universe. I 
refer to the fact that transmutation of energy 
involves a deterioration and dissipation of en- 
ergy. As in the history of energy, improved 
position adds to the advantage for the doing 
of work, so transmutation tends to diminish the 
advantage or utility of the energy for human 
purposes. Thus the energy expended in work- 
ing a machine gives return in a product of 
recognized value, but the energy spent in con- 
tending with friction generates heat which is 
of no practical value in respect of accomplished 
work. Or as the latter fact has been stated 
by Professor Balfour Stewart, friction proves 
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" itself to be, not the destroyer of energy, but 
merely the converter of it into some less ap- 
parent, and perhaps less useful form," * In  
this connection, scientific observation was di- 
rected upon the appearance of heat simulta- 
neously with the disappearance of visible en- 
ergy. Gradually the conception dawned upon 
scientific observers that heat is a form of nao- 
tion, and this has found general acceptance, 
although it is impossible to give direct proof 
of the doctrine. The conclusion has been 
supported by a11 the experiments of Davis, 
Rumford, Joule, Colding, and Helmholtz. 
This conception having been launched as 
to the probable explanation of heat, it im- 
mediately found, in accordance with the anal- 
ogies of scientific thought, a greatly extended 
circle of application. Light and sound came 
to be classified with heat, as only different 
forms of motion. It would involve too ex- 
tended a range to include here a detailed 
account of these experiments, or to consider 
what is involved in dissipation of energy, as 
bearing upon a still wider aspect of the order 
of things in the universe. I must, therefore, 
be content with the reference just given to 

* The &mwuatiota of Energy, p. 38. 
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the conception of heat as a form of moIecular 
motion; and in doing so may revert to the 
consideration already adduced, that this is 
another doctrine of scientific 6elief, of which 
there is a constant tendency to increase the 
number, as science widens the range of its 
inquiries and speculations. 

The outstanding general results of science 
as to the nature of energy are now before us. 
A11 observations concerning motion only pre- 
sent to view transmutations of energy, all of 
them imply that there is no such thing as the 
origin of energy, and no such thing as its ex- 
tinction. There is indeed a constant tendency 
towards the degradation of energy, and a con- 
stant equalizing process which may bring to 
an end the present order of things in the uni- 
verse. But the leading scientific conception 
with which we have specially to deal is that 
expressed in the phrase, "Conservation of en- 
ergy," which must be regarded as completing 
our view of inorganic existence along with the 
other doctrine of the indestructibility of mat- 
ter. As Professor Tait has expressed it,- 
" The grand principle of conservation of en- 
ergy, which asserts that no portion of energy 
can be put out of existence, and no amount 



INORGANIC ELEMENTS. 103 

of energy can be brought into existence by 
any process at our command, is simply a 
statement of the invariability of the quantity 
of energy in the universe, -a companion 
statement to that of the invariability of the 
quantity of matter." * 

The position is now reached at  which it be- 
comes possible to combine the results of sci- 
entific research as to matter and energy into 
a harmonious unity, with which to test the 
view of the world recognized by religious 
thought. Religion as an intelligent and de- 
votional acknowledgment of a Supreme Be- 
ing, involves a very clear and definite con- 
ception concerning the origin of the universe 
and its continuance. What is thus implied 
will be best indicated by negative as well as 
positive statements, in some such form as the 
following. First, negatively, the world we in- 
habit does not carry within it any explanation 
of the origin of its own existence; that is to 
say, neither the materials existing, nor the 
forces operating, are sufficient to account for 
its origin; neither can it have had existence 
without beginning. I n  positive form, the uni- 
verse can be accounted for only by that which 

Remnt Advances of Physioal Science, p. 17. 
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transcends itself; the supernatural is the key 
to the natuial; Nature is a creation to be at- 
tributed to an Intelligent First Cause. 

Are science and religion here in harmony 
in the form and measure compatible in the 
circumstances ? This qualified and guarded 
form of the question is obviously required, 
for religious thought does not profess to be 
scientific, or in any sense authoritative as to 
the phenomena of nature, that is, as to the 
facts which observation alone can ascertain, 
or as to the immediate causes by which these 
facts are to be explained. On the other hand, 
science is exclusively a knowledge of nature, 
consisting of methodized observations con- 
cerning distinct orders of facts, and rational 
inferences founded upon these. It can not 
in true sense be concerned with the super- 
natural, but can only present conclusions as 
to the order and processes of nature, which 
by subsequent and independent exercise of 
our intelligence may be contemplated in their 
relation to the conception of the supernat- 
ural, as Intelligent First Cause. This subse- 
quent exercise of thought, whether critical 
or constructive, is more properly the task 
of philosophy, in prosecution of .those re- 
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flective and speculative exercises, which, pro- 
ceeding from scientific conclusions as ac- 
cepted data, consider their intellectual value 
as contributing towards a theory of the uni- 
verse. Scientific men will, of course, more 
or less readily pass over to take some share 
in such philosophic speculation; just as re- 
ligious men, purely under the impulse of 
religious interests, will be more or less dis- 
posed to do, in proportion to the range of 
their intellectual life. What is here said is 
not intended as an argument for any re- 
striction upon such speculation on the part 
either of scientific or of religious men, for 
such questions are common property, and 
the arguments bearing upon them are to be 
tested by all. But it is of some consequence, 
specially in the present unsettled and sen- 
sitive state of the public mind, that it be 
clearly recognized that science is not itself 
responsible for the thoughts of scientific men 
on these questions; and that religion is not 
responsible for the thoughts of religious men 
upon them. Science can not determine any 
thing as to a philosophy of the supernatural, 
any more than religion can determine any 
thing as to a science of nature. Whether 
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we take the violent and even passionate an- 
tipathy to any acknowledgment of the su- 
pernatural which is found in the Essays of 
Clifford, or the profoundly reverential ac- 
knowledgment of the Deity in the writings 
and life of Faraday, science is to be credited 
with neither. And so in like manner, when 
we have violent denunciations of science pro- 
fessedly in the name of religion, or intelligent 
appreciation of its high value from accredited 
upholders of religious truth, religion itself is 
to be credited with neither the one nor the 
other. This is a matter which comes within 
the range of ordinary intelligence. It may 
indeed belong to philosophy to formulate and 
develop the arguments in strict harmony with 
the recognized laws of mind; but it .belongs 
equally to all men to estimate the general 
sweep and range of acquired knowledge as 
to the structure and order of the universe, as 
bearing upon the more general conceptions 
to be rationally entertained regarding its gov- 
ernment. With this branch of the subject, 
ordinary thought may readily deal without 
entanglement in technicalities. 

There is ps we have seen a duality of exist- 
ence in the inorganic structure of the world, 
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and a continual succession of changes, on ac- 
count of the interaction of these two. Differ- 
ent forms of matter stand in different rela- 
tions; and these relations are being constantly 
interchanged by the transmutation of energy. 
Thus taking the world as presented to us, it 
has a constitution which requires for its ex- 
planation that we go beyond every thing to 
be found within itself. The matter in the uni- 
verse can not account for the energy; nor can 
the energy account for the mat'ter; and the 
relations between the two must find explana- 
tion in something higher than both. What 
their source may be, science is incapable of 
telling; it can not contribute towards satisfy- 
ing the requirements of the law of causality 
in view of the mutual relations of matter and 
energy which it has itself revealed. But 
equally by what it has revealed, and by ac- 
knowledgment of its inability to transcend the 
limits of its own discoveries, does it present 
harmony with religious thought in the form 
and measure in which it is possible that such 
harmony could be manifested. Discovering 
the objective existence of matter and energy, 
and the laws in accordance with which the lat- 
ter acts upon the former, it presents an un- 
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solved prdblem affording the most direct and 
positive testimony possible to science in sup- 
port of the existence of a First Cause, tran- 
scending the universe itself. How matter and 
energy came into being, it can not tell; but it 
most explicitly declares that by no power ex- 
isting and operating within range of observa- 
tion is it possible either to add to the sum of 

_ existence, or in the least degree to diminish 
it. Religious thought could expect nothing 
more direct and explicit in the form of scien- 
tific testimony as confirmation of its fundn- 
mental position. Scientific thought while deal- 
ing with inorganic existence could not, even 
by a single line of approach, be brought near- 
er to the actual support of religious belief. 

Here the question may be raised,-May 
not the world have existed from eternity? 
I n  the answer to this question there are 
several considerations requiring to be dis- 
tinguished. First, science has no testimony 
to offer, inasmuch as it does not get beyond 
the area of laws now operating. Second, the 
testimony of science concerning the world as 
now existing is inconsistent with the suppo- 
sition of its eternal existence. The matter 
which is constantly operated upon by en- 
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ergy distinct from itself, does not possess the 
property of self-subsistence; neither does the 
energy which is constantly undergoing change. 
Continual transition or change from one phase 
of existence, or set of relations, to another, is 
a mark of the not-abiding, an evidence of 
subjection to, and dependence on, what is 
beyond and above itself. The non-enduring, 
or ever-changing, is constantly pointing to the 
ever-enduring. 

Full understanding of the situation of 
things as discovered by science will produce 
a much deeper impression on the public mind 
than has yet been effected. The reasonable- 
ness of this expectation will readily appear, 
if only some few of the positions be placed 
conspicuously in view. 

It is of special consequence to note that 
science has in this direction $nisiied its work, 
and reached its ultinzatum, in demonstrating 
the physical impossibility of either increasing 
or diminishing the existing sum total of mat- 
ter, or of energy. The conclusions are not 
such as can be regarded as provisional, lia- 
ble to be overreached, modified, or enlarged, 
by what may afterwards be discovered. We 
are so much influenced at  present,-and sci- 
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entific men share in the experience, as well as 
others, -by the general and well- grounded 
expectation of the unceasing advance of sci- 
ence, that it is peculiarly easy in sight of a 
great general problem such as the origin and 
government of the world, to overlook the sig- 
nificance of ultimate conclusions in given di- 
rections. In this way, we too readily fall 
into the delusive tendency of regarding ac- 
credited conclusions as still hanging in a 
measure of uncertainty, or at  least as having 
a dubious future before them, because they 
border upon the region of the unknown so far 
as science is concerned, or upon a realm of 
mystery, which science regards either with 
aversion, or with cherished determination of 
attack. I n  the present singularly favorable 
position of science, it is impossible for the 
public mind to escape this tendency; but .it 
becomes only the more imperative to dis- 
tinguish as occasion offers, those conclusions 
which are to be taken a.s final. This is of 
immense consequence as bearing upon gen- 
eral conceptions concerning the universe. 

That matter can not be originated, and can 
notf by even a single atom be destroyed, is 
one of those ultimate statements, upon which 
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physical science itself relies as on a founda- 
tion. This is a universally accredited truth, 
that "no portion of matter, however small, 
goes out of existence or comes into existence 
in any operation whatever." " The wonder- 
ful chemical laboratory of living organism 
may change many forms of matter into liv- 
ing tissue, but all returns again to its place in 
the inorganic mass. Material may pass from 
one phase into another, but there is nothing 
more than change. The sum total of mate- 
rial existence is unaltered. To suggest the 
contrary,-and specially to do so in the name 
of science,-were to bring science face to face 
with the conceptions rejected as alien to its 
very nature; for to say that matter may be 
originated, is to affirm creation; to say that it 
may be destroyed, is to affirm the possibility 
of annihilation; and these two are beyond the 
range of science, and if once admitted with- 
in its boundaries, they would destroy science 
itself. 

So it is when we pass over to the doctrine 
of energy. The same clear and ultimate con- 
clusion is proclaimed. The doctrine of the 
conservation of energy is the ultimatum on 

* Tait's Recent Advances, p. 15. 
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wliich physical science finds sure and firm 
foothold. I n  those two ultimate positions of 
scientific research concerning inorganic exist- 
ence, religion finds support, and that of a 
kind so powerful, that science itself depends 
upon its immovability. 

There is, however, a further point con- 
nected with the doctrine of energy, which 
deserves consideration as bearing on the ten- 
dency to anticipate an indefinite line of pro- 
gression in the history of this world, that is, 
deterioration or degradation in the form of 
energy, while it continues of cqual amount. 
The efficient value of energy is according to 
the possibilities of transformation or transmu- 
tation. But its use implies limitation of the 
available forms, or steady deterioration of 
value. "Thus the energy of the universe 
is, on the whole, constantly passing from 
higher to lower forms, and therefore the pos- 
sibility of transformation is becoming smaller 
and smaller, so that after the lapse of suffi- 
cient time all higher forms of energy must 
have passed from the physical universe, and 
we can imagine nothing as remaining, except 
those lower forms which are incapable, so far 
as we yet know, of any further transforma- 
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tion." * Such a statement of the position, 
though it can not be regarded as an ultimate 
one in scientific research, is so obviously a 
deduction from present knowledge that it 
must to some extent modify prevailing con- 
ceptions. It may, indeed be suggested that 
some catastrophe may terminate the present 
order of things, and that some action of the 
law of gravitation may combine the fragments 
of worlds, and give a fresh start with new 
combinations of energy; but the bare sug- 
gestion of this implies a much wider range 
for scientific research than any thing yet 
known to us, and at  the same time a larger 
demand upon intelligence in the control and 
regulation of what must nevertheless seem to 
us violent catastrophes. Such speculation, 
if i t  may warrantably find encouragement 
under purely scientific conditions, religious 
thought will neither gainsay nor resist; but 
will find itself in no perplexity to accept. 

Waiving, however, all speculation as to the 
possible future of the physical universe, we 
here concentrate attention on the past; we 
take the most recent scientific testimony as 
to the structure of the physical universe, ;ts 

Recent Advances, p. 20. 
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i t  bears on the problem concerning the ori- 
gin of our world. Here the testimony of sci- 
ence is clearly and unmistakably in favor of 
the creation or absolute origin of matter and 
energy, in the only form in which science 
can bear any testimony on the subject. It is, 
of course, impossible that science should pre- 
sent direct testimony to the fact of creation, as 
it is impossible that history should; for such a 
fact as creation must be entirely beyond the 
range of science. But in testifying to the 
indestructibility and uncreatability of matter 
under the conditions capable of being investi- 
gated by observational science; and in bearing 
the same testimony as to the energy in the 
world, it offers all the support it is capable of 
offering to the reality of the supernatural,- 
testifying to the dependence of nature on some 
power altogether transcending itself. But 
here I prefer rather to use the words of a 
purely scientific observer. When dealing with 
the doctrine of energy, and specially with the 
consequences of dissipation of energy, Profes- 
sor Tait uses these words,-" As it alone is 
able to lead us, by sure steps of deductive rea- 
soning, to the necessary future of the universe 
-necessary, that is, if physical laws remain 
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forever unchanged-so it enables us distinctly 
to say that the present order of things has not 
been evolved through infinite past time by 
the agency of laws now at  work; but must 
have had a distinctive beginning, a state be- 
yond which we are totally unable to pene- 
trate; a state, in fact, which must have been 
produced by other than the now visibly act- 
ing causes." * This is the utmost that science 
can say, bearing on the great problem of the 
origin of the universe; and nothing more pow- 
erful could be said in direct testimony to the 
reality of the supernatural, and the reason- 
ableness of Christian faith, thus shown to be 
in complete harmony with science. 

It is not here suggested that all scientific 
men would employ such language as that now 
quoted, or even readily acquiesce in its use. 
I have been careful to indicate, that a passion- 
ately excited antagonism to any recognition of 
the supernatural is avowed by some scientific 
men. Accordingly, it must be granted that 
the conclusion here stated is not so manifest a 
deduction as to preclude denial. The testi- 
mony of the senses commonly terminates dis- 
pute, but such testimony is not available as 

* Recent Advunces, p. 22. 
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to the reality of the supernatural. The only 
testimony that can be given here must be of a 
different kind; and if there be some who re- 
fuse to credit anything save what conies within 
range of the senses, or is deducible directly 
and simply from what the senses make known, 
there is no help for them. Neither science, 
nor philosophy, nor religion can deliver them 
from the narrow round of materialism. But 
neither science, nor philosophy, nor religion, 
can restrict itself to the testimony of the 
senses. A deeper, and wider range of in- 
quiry is demanded of the man who would 
walk at  large in the vast field spread out in 
nature. All human life is subjected to the 
test of accepting evidence other than that 
the senses supply. If some refuse to submit 
to this deeper and wider test, narrowing their 
convictions accordingly, others are not to be 
restricted in this way, nor are they to be 
influenced by such determination even on the 
part of highly distinguished scientific men. 
For, it can not be overlooked that this is not 
a question of science, nor does i t  imply any 
thing but an ordinary exercise of intelligence. 
The one test for the public mind is this,-Is 
it or is it not true that not an atom of matter 
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can be originated or destroyed ? Is  the doc- 
trine of the conservation of energy to be 
taken as scientifically demonstrated? These 
things science must decide, and beyond these, 
all is clear for ordinary intelligence. Of the 
testimony of science on these two questions 
there is no doubt whatever. Religion, there- 
fore, has no conflict with science here; it sim- 
ply accepts the teaching of science, finding 
in it ample support for its fundamental posi- 
tion. What creation really means, or how we 
can fittingly represent it to our minds, does 
not in the least affect the question here under 
discussion, for these are not points on which 
science can offer any testimony. Nor have 
the defenders of religion any complaint to 
urge against the claims which science makes 
to explain all that belongs to nature. But 
when those who make the largest claims for 
science, acknowledge that science is baffled 
here, their testimony gains in value by reason 
of the strength of their antipathy to the ac- 
knowledgment of the miraculous. When from 
an accredited scientific witness we have these 
words:-'' The investigation of nature does not 
shrink from enrolling life and the processes 
of life in the world of the comprehensible," 
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followed up by this explicit statement, " We 
are foiled only at the conception of matter 
and force" ;* t,he claims of science are raised 
to the highest pitch; and yet its insuperable 
limits are clearly defined. The defender of 
the harmony of scientific with religious thought 
has nothing more to desire. The very place 
where science comes to a halt, acknowledging 
that its utmost boundary has been reached, is 
the place where it is demonstrated that scien- 
tific thought and religious are not involved in 
real conflict. 

* The Doctrine of Descent, by Oscar Schmidt, p. 20. 



LECTURE IT. 

ORGANIZED EXISTENCE: LIFE AND ITS DEVEL- 
OPMENT.-(DARWIN'S "THEORY OF 

EVOLUTION. ") 

I N  prosecuting our inquiry as to the most 
recent advances in science, we pass now 

from inorganic to organic existence; from the 
testimony of physicists, to that of zoijlogists. 
This transition in itself starts a scientific prob- 
lem, beyond which we are carried onward to 
a distinct and very complicated area of exist- 
ence, higher in order, and pressing upon at- 
tention an incalculable variety of details, ex- 
ceedingly difficult to harmonize. In  the earlier 
stage of physical research, all observation and 
experiment lead forward to general results, 
which gain ready acceptance "bcause they 
may be said to be involved in scientific pro- 
cedure itself. I n  this more advanced stage 
it is otherwise. I n  the former, unorganized 
matter is the same everywhere; and the laws 
of energy can be studied with equal facility 
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in Europe or in America, in northern latitudes 
or in southern. But when we begin to direct 
attention upon life in its manifold forms, as 
these are scattered a11 over the world, multi- 
tudes of distinct observations have to be pros- 
ecuted, and their results slowly accumulated, 
before even the most competent workers can 
occupy a position from which it is possible to 
make a beginning with our forecast of general 
conclusions. Even in the most favorable cir- 
cumstances, a great deal must be left to prob- 
lematic inference, and even to imagination. 
Gatherings of facts may be recorded in a 
manner which places them beyond reach of 
doubt, while theories founded upon them hang 
long in suspense, waiting confirmation on con- 
dition of being able to endure protracted crit- 
icism, and manifold applications. This ac- 
counts for the difficulty experienced in finding 
ready to hand general conclusions which have 
secured universal acceptance, when we begin 
to move somewhat freely over the wide re- 
gions presenting the manifold problems of 
organized existence. And as it is solely with 
general conclusions, that religious thought is 
concerned, some share of perplexity must at- 
tach to the attempt to discuss the question of 
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harmony. We must here therefore be consid- 
erably involved in questions affecting theories 
which have gained wide favor in scientific cir- 
cles, as well as with clearly recorded and cer- 
tain results. Some general questions, such as 
that affecting the classification of animals, 
must be regarded as peculiarly scientific. 
Whether the classificgtion of Linnseus, or of 
Cuvier, or some other more recently suggested, 
is to be preferred, is a matter which does not 
here concern us. But a theory of the origin 
of species must be considered, because it is 
not purely scientific, but brings science into 
direct relation with common thought as to 
the order of the universe, and may therefore 
stand related to religious thought. 

Immediately on directing attention to or- 
ganized existence,-to LIFE in any form,-we 
encounter a new problem, namely the rela- 
tion of the organized to the unorganized. 
How is the appearance of this higher order 
of existence to be. accounted for ? Can we 
find in the nature of matter, and in the me- 
chanical and chemical laws influencing its po- 
sition and combination, any explanation of 
the appearance of life in the world? Or 
must we regard life as a new and higher fact, 
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unexplained by reference to the lower form 
of existence, and incapable of explanation in 
this way? Whether there is a clear line of 
demarcation between vegetable and animal 
life is a comparatively subordinate question. 
It is the wider and more perplexing question 
which most fundamentally affects our general 
conceptions as to the history and government 
of the world? And when this question is 
pressed singly,-how can we account for the 
appearance of life in the world ?-science has 
no answer to present. Life still remains a 
mystery in scientific times, as it had been in 
past ages. Much has been written as to the 
origin of species; nothing to any purpose has 
yet been said as to the origin of life itself. 
The secrets of the universe in this respect 
have eluded discovery, and a constrained si- 
lence is the consequence. 

But if science itself has nothing to say as 
to this fundamental problem, scientific men 
have much to say as to the probability of a 
true solution of the mystery being forthcom- 
ing. There is in many quarters an expecta- 
tion that we may yet understand the physical 
principles, that is, the mechanical and chemi- 
cal combinations, which go to explain life as 
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a working organism." The suggestions of 
Rumford and Joule may yet bear results in 
this direction, for it is matter of general agree- 
ment that living organism may be regarded as an 
engine doing a given amount of work, on con- 
dition of being supplied with a given amount 
of fuel in the form of nourishment. When 
therefore Rumford suggests that the animal 
is a more economical engine than any of the 
mechanical contrivances which man constructs, 
and when Joule advances considerably beyond 
this to suggest that the animal more resembles 
an electro-magnetic engine, than a heat engine, 
it seems quite within the range of possibility 
that in some such direction discovery may yet 
be made of the physical principles involved 
in life. 

This, however, leaves untouched the deeper 
question as to the origin of life. We are en- 
tirely ignorant of any beginning of life which 
is not traced directly to a preceding living 
organism. Either, as in the case of plants, 
there is increase of life by fission, or separa- 
tion from an earlier growth, or by means of 
seed grown upon the parent plant; or, as in 
the cme of animals, by germ or ovum. But the 

* Tait's Recent Advasces, p. 83. 
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question of the origin of life is remote from 
us historically, and perplexing to us experi- 
mentally.7 If we seek guidance historically, 
we turn to geology, and learn that the struct- 
ure of the earth has involved successive for- 
mations. The materials of the earth's crust 
are not thrown together confusedly, but " ex- 
hibit a certain order of arrangement "; * the 
mineral masses are partly aqueous, partly ig- 
neous, in formation; according as they are one 
or other, they contain organic remains, or are 
marked by their absence. All that can be 
inferred from the data thus afforded is that 
a t  a certain period in the world's history, 
when temperature and other conditions af- 
fecting the possibility of organic existence 
were favorable, life appeared. As to the 
cause of its appearance, geology can give no 
testimony. I' If next, we refer to palaeontol- 
ogy, we learn of the existence of colossal ani- 
mals which have long since become extinct; 
but such researches only widen our acquaint- 
ance with different orders of animals, con- 
tributing nothing towards the solution of the 
problem concerning the origin of life. The 
experimental science of the present day, with 

* Lyell's Elements of (feology, P. 2. 
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all the advantages arising from microscopical 
observation, is altogether unable to oEer any 
explanation. Experiments for the purpose 
of testing the probability of "spontaneous 
generation" have been already described, and 
their failure leaves experimental science with- 
out any direct test.imony; while their history 
yields powerful indirect evidence in support 
of the position that origin of life apart from 
germ is unknown. 

It is, however, desirable here, in order to 
give completeness to our view of the present 
situation, to remark that among scientific men 
there are some who have no expectation of a 
scientific explanation of the origin of life; 
while others are exceedingly hopeful that 
such explanation may be reached, in the lat- 
ter class appearing naturally all those who 
openly proclaim against what they name an 
" incomprehensible act of creation," and vol- 
untarily place themselves in antagonism to 
religious thought. It is, therefore, of some 
consequence to indicate the grounds on which 
such opposite views rest. On the one side, 
Professor Tait, while suggesting the possibility 
of yet discovering the physical principles which 
determine life, nevertheless adds, "Let no one 
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imagine that, should we ever penetrate this 
mystery, we shall thereby be enabled to pro- 
duce, except from life, even the lowest form of 
life." * On the other hand Professor Schmidt 
of Strasburg maintains the opposite view, af- 
firming that "the investigation of nature does 
not shrink from enrolling life, and the pro- 
cesses of life in the world of the comprehen- 
sible."j- This latter assertion is not to be 
accounted for on the ground that Schmidt is 
the ardent admirer and defender of the theory 
of origin of species by natural selection, for it 
is clear, as he maintains in replying to Max 
Miiller, that " the origin of life has in fact 
nothing to do with actual Darwinism, or nat- 
ural selection, unless the principle of selection 
be extended to the inorganic world of mat- 
ter.77 $ Mr, Darwin himself does not suggest 
any such extension, and his theory of species 
is not chargeable with it. It should, indeed, 
be clearly recognized on all hands that the 
naturalist confines himself to a narrower range 
of inquiry, taking existing phases of life as 
the subject of his study. Accordingly, who- 
ever claims that the origin of life comes within 

* Recent Adtx-tnces, p. 24. f Doctrine of Descent, p. 20. 
$ B. p. 161. 
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the compass of science, does so on the ground 
that there is no demarcation between t,he or- 
ganic and the inorganic,-that the former may 
arise directly from the latter,-and so he com- 
mits himself to a doctrine of descent world- 
wide in its application, involving development 
in the world of all its varied phases of ex- 
istence from a mass of unorganized matter. 

This explains the difference of opinion 
among scientific men as to the possibility of 
accounting for the origin of life. A certain 
number deny the possibility, as they do the 
possibility of explaining scientifically the ori- 
gin of matter on the explicit ground indi- 
cated by Laplace,-" Present events are con- 
nected with the events of the past by a link 
resting on the obvious principle, that a thing 
can not begin to exist without a cause which 
produces it." * They do not find in inorganic 
matter sufficient cause to account for life, and 
their expectations are restricted accordingly. 
Those who cherish a contrary expectation, do 
not vindicate it by contradiction of the obvi- 
ous principle enunciated by Laplace, or even 
by maintaining that inorganic matter is ade- 
quate to produce living organism. They cling 

* Idroduction to the Theory qf Science. 
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to the more general and doubtful position that 
no limits are to be assigned to science, or as 
it is often stated, all nature belongs to the 
comprehensible. The failure of past experi- 
ments is no proof that inevitable failure awaits 
other experiments which may yet be made. To 
abandon expectation seems to them to be un- 
faithful to science. I n  this fashion, Professor 
Schmidt declares that "to any one who holds 
open the possibility that, even now, animate 
may be evolved from inanimate, without the 
mediation of progenitors, the$rst origin of life 
i n  this natural method i s  at once self-evident." * 
To this view the other side may legitimately 
reply, that if the origin of life be as easily ac- 
counted for, as provision is here made for the 
l' self-evident," science will soon be at  a dis- 
count. To those regarding the matter from 
without, and waiting for testimony as to what 
is scientifically established, it is clear that 
there is no explanation of the origin of life; 
and I think it will be most commonly held 
that the weight of reason as to expectations 
for the future lies with those who abandon 
the anticipation of any scientific explanation. 
There is, however, in actual conclusions on 

* D o c t r i ~  of Descent, p. 163. 
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scientific evidence nothing involving conflict 
with r'eligious conviction; and allowance will 
be made for continued and extended experi- 
ments, provided only that the " holding open 
the possibility," does not make the probability 
" self-evident." 

Passing thus from the unsolved problem of 
the origin of life,-with the attendant acknow- 
ledgment that there is no scientific theory of 
the world's descent from primordial atoms, 
we advance to the testimony of science con- 
cerning different orders of life, and their rela- 
tions to each other. Here there is no re- 
striction as to the use of scientific methods; 
there is wide range for free action by the 
hosts of observers required for the work. A 
sense of the relief which this implies, in con- 
trast with the hampering restraints surround- 
ing the earlier question, imparts to the words 
of Schmidt a more jubilant tone, as he says, 
" Between beginning and end, we naturalists 
may do as we please." * 

In  this region it will be universally ad- 
mitted that the development of species by 
selection is the conception which has gained 
greatest hold upon the scientific mind within 

* Doctrine of Descent, p. 162. 
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recent times. Accordingly it seems better to 
begin with an outline of this theory, and of its 
history as developed by Mr. Darwin, keeping, 
however, steadily in view the range of problem 
with which the theory has to deal. 

As already remarked the origin of life is a 
problem quite dist,inct, and the theory of se- 
lection does not entangle itself by maintaining 
origin of life by development from unorgan- 
ized matter. Mr. Darwin clearly guarded 
himself against responsibility for such a con- 
ception of its origin." Restricting thus far, 
we have to keep in view the vast range of the 
problem demanding scientific explanation. 

Animal life manifests itself by spontaneous 
movement,-movemelit from within the liv- 
ing organism, in contrast with nlovement 
caused by energy applied from without. This 
holds true of every living germ, from which a 
mature animal form may be developed. This 
is the test of the presence of life under the mi- 
croscope in minute germinal structures other- 
wise incapable of observation. In its lowest 
known form life appears in a minute vessel 
containing so much nourishment, which is with- 
in a nucleus or vital centre from which move- 

* Origin of Species, p. 577. 
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ment originates.* This depends for its develop- 
ment on external conditions such as heat and 
moisture.-/- Advance in the scale is connected 
with greater complexity in the organism. As 
we ascend, separate organs appear, fulfilling 
distinct functions, and controlled by means of 
a nerve system whose ramifications are accord- 
ing to the intricacy of the organism. The 
appearance of such a nerve system implies 
sensibility and motor activity, provision for 
an experience more or less varied, and move- 
ment in some measure according with it, or 
adapted to it. From a nerve system consist- 
ing of a cent're and a few fibres, we gradually 
ascend, until in the higher vertebrate orders, 
we find a vast system of nerves harmonized 
and governed from a grand centre or termi- 
nus constituting the brain.$ With the steadily 
advancing complexity of nerve system, there 
is great diversity in the orders of animals, in 
the variety of actions of which they are capa- 
ble, in adaptation to different conditions of 
life, and in the  nodes in which they obtain 
subsistence. The scientific problem is-How 
far can we account for all this coinplex sys- 
tem of thipgs by the action of natural ca.uses? 

As we are here specially concerned with 
* See Appendix VII. t See Appendix V. f See Appendix IV. 



132 SCIENCE AND RELIGION. 

ruling conceptions, and only indirectly with 
details, the relations of the animal and vege- 
table kingdoms may be passed, with the ac- 
knowledgment that the two are obviously 
distinct, and yet that the vegetable very 
nearly merges into the animal at  certain 
points, as illustrated by sensibility, if not 
by locomotion. So may we waive discus- 
sion of the classification of aiiimals, which 
involves important points closely connected 
with the main question. Allowing that the 
wonderful diversity in animal organization, 
may adrnit of different modes of classifica- 
tion; and yet granting that the structure of 
the animal econoiny in all its forms proceeds 
on common principles, which must lead to 
practical agreement as to modes of classifi- 
cation; we deal with the single question as 
to the natural causes serving to explain dif- 
ferent orders. 

Mr. Darwin's suggestion, largely supported 
by evidence from many quarters, and now 
commanding a very general support is, that 
all this diversity may be regarded as the 
product of a long process of development. 
This theory takes the whole orders of exist- 
ence into one sweep. The lowest type of 
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animal life presents to view the beginning 
of a protracted history; the highest order of 
animate existence indicates the stage of ad- 
vance at which we observe things at the 
present period. For such a theory the his- 
tory of individual development belonging to 
whatever order, and the history of distinct 
orders as indicating improvement and de- 
viation of whatever aspect, present evidence 
of special value. The most important causes 
relied upon as contributing to the formation 
of a scientific theory may be presented under 
these four heads-(l) The action of external 
causes as provided for by environment; (2) 
power of adaptability within each organism, 
providing for changes according to require- 
ment from without, which may be described 
as " adaptive changes of structure;" (3) " the 
struggle for existence," in accordance with 
which the strongest gain the mastery and 
consequent advantage in obtaining the means 
of subsistence; and (4) " natural selection " 
among the sexes, giving to the offspring all 
advantages according to the laws of heredi- 
tary descent. 

The essential feature in this theory is the 
power of adaptability inherent in the organisnz. 
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This is postulated as characteristic of all or- 
ganized existence; and it is implied, that this 
power of adaptability multiplies in a degree 
approximating to the measure of complex- 
ity belonging to the organism. The inhe- 
mnt capacity for deviation is thus much less 
in the mollusk than in the bird; and in the 
bird much less than in the quadruped. 
Thus the development process which must, 
according to this view, have been exceed- 
ingly slow in the earlier stages, must have 
been greatly accelerated when more complex 
organisms had come into existence, and all 
the advantages accrued from greater diver 
sity of materials. Such is a brief outline of 
the theory; and looked at simply as a theory, 
there is a manifest attraction in the boldness 
of the conception, and the wide sweep of 
the generalization which it includes. Taken 
merely as an intellectual representation set- 
ting forth a conceivable order of things in 
the universe, it has a great deal to command 
attention and awaken interest. It is, indeed, 
a novelty in the history of scientific thought, 
and as such at variance with previous con- 
ceptions, both scientific and lion - scientific. 
But it is no more at variance with religious 
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thought, than with ordinary notions of pre- 
ceding times; while to the author whose 
name is now associated with i t  all over the 
scientific world, it is a more striking testi- 
mony of the marvels of creative power," than 
notions previously current, which regarded it 
as historically true that every existing variety 
of animal was launched into being by a dis- 
tinct creative act. Whatever may be the ul- 
timate view of the history of life on the earth, 
based on purely scientific data,-and we are 
still a far way removed from what may be 
regarded as scientific evidence fox such a 
view,-the fewer the primordial forms to 
which the multiplicity of existing species 
call be traced, the greater is the marvel 
which science presents, and the more con- 
vincing becomes the intellectual necessity by 
which we travel back to a Supernatural Intel- 
ligence as the source of all. On the other 
hand, the slow process by which scientific 
research tends to make out the natural Iiis- 
tory of living organisms far removed from 
each other in the scale of being, tracing 
many groups to a common parentage, and 
assigning their appearance in the world to 

,* Oviyin of Species, p. 577. 
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distinct periods in its history, will be seen 
to be so far anticipated and favored by the 
graphic description of the introduction of an- 
imal life given in the opening page of revela- 
tion, where different orders are assigned to 
successive epochs. 

While, however, these things are said at 
the outset, as affording commencement for 
the study of an evolution theory, and de- 
livering us from the supposition that there is 
an inevitable antagonism between science and 
recognition of the supernatural, we revert to 
the ruling principle for this whole inquiry, 
that science must prosecute its own researches, 
unfettered by forecast of consequences; and 
that the Bible is not to be handled as if it 
were a book of science, for it neither lays re- 
straints upon human inquiry, nor delivers us 
from the need for it. 

The best method for entering up011 a study 
of the theory of evolution by natural se- 
lection is to take Mr. Darwin's own account 
of the manner in which it began to take shape 
before his mind. I n  his " historical sketch of 
the recent progress of opinion on the origin 
of species," * he traces to Lamark the first sug- 

* The Origin of Species, xiii. 4th ed. 
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gestions on the subject, directing public at- 
tention to the question in 1801; thereafter a 
succession of naturalists including St. Hilaire, 
Wells, and Patrick Matthew, from separate 
and incidental observations, dwelt upon the 
difficulty of distinguishiiig species, and on the 
evidence of an archetypal idea, or common 
plan of structure, being applicable in the his- 
tory of whole orders. Mr. Darwin then gives 
the following biographical references a t  the 
outset,-" When on board H. M. S. ' Beagle,' 
as naturalist, I was much struck with certain 
factjs in the distribution of the organic beings 
inhabiting South America, and in the geolog- 
ical relations of the present to the past inhab- 
itants of that continent. These facts seemed 
to throw some light on the origin of species 
-that mystery of mysteries, as it has been 
called by one of our greatest philosophers. 
On my return home, it occurred to me in 
1831, that something might perhaps be made 
out on this question by patiently accumulat- 
ing and reflecting on all sorts of facts which 
could possibly have any bearing on it. After 
five years' work I allowed myself to speculate 
on the subject, and drew up some short 
notes; these I enlarged in 1844 into a sketch 
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of the concl~xsions which then seenled to me 
probable: from that period to the present day 
I have steadily pursued the same object." * 
Such is Mr. Darwin's opening paragrnph in 
the now celebrated Origin of !Species. No 
one interested in such investigations will hes- 
itate to approve and trust the " patiently ac- 
cumulating and reflecting on all sorts of 
facts;" nor can there be any hesitation ill 
granting the warrantableness of his beginning 
to speculate as to the probable results. On 
the other hand, even the most ardent admir- 
ers of the evolution theory can not refuse to 
allow that only its principles are certain, 
while its ultimate form is still matter of 
conjecture and speculation. Quite divergent 
lines of speculation have found a start within 
the compass of the phenomena brought under 
review, and it is already apparent that op- 
posite tendencies of thought have effected a 
lodgment under the common name of evolu- 
tion. In  these circumstances there is no di- 
rect call, as there are no proper materials, for 
attempting a reconciliation between the prin- 
ciples of religion, and definite scientific con- 
clusions as to the origin of species. We are 

* me Origin of Species, p. 1. 
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still occupying that position which makes his- 
torical treatment of the subject the most ap- 
propriate, leaving to speculation the probable 
lines of adjustment which may render possible 
a wider induction bearing on a general theory 
of the universe. 

The observations of Alfred Russell Wallace 
in the Malay Archipelago led towards the 
same conclusions as those indicated by Dar- 
win, to whom Mr. Wallace dedicated his 
book," giving the results of research extend- 
ing from 1854 to 1862, and in confirmation 
of Darwin's theory, though differing on im- 
portant points, Wallace published in 1870 his 
Contribution to the Theory of Natural flelec- 
tion. Mr. Darwin's views when first pro- 
mulgated received decided though somewhat 
guarded support from Sir Charles Lyell, 
whose geological studies marked him out as 
a highly qualified witness on the subject, and 
were strongly favored by Dr. Hooker, author 
of Introduction to Me Australian PZora, while 
they encountered not a little criticism, and 
were met with announcements of formal res- 
ervations, on the part of distinguished nat- 
uralists. 

* Malay Archipelago, 1869. 



140 SClENCE A N D  RELIGION.  

A fuller statement as to the history of his 
own thought was given by Mr. Darwin in the 
fifth edition of his work, and also in a letter 
to Hsckel, author of the bolder venture as 
to the History of the Creation, and the Bolu- 
tion of Mun. This letter to Hackel may be 
given here as having considerable value in its 
bearing on the formation of the theory of evo- 
lution. After referring to his early researches 
as to lower forms of life, Mr. Darwin proceeds 
thus-" Having reflected much on the forego- 
ing facts, it seemed to me probable that allied 
species were descended from a common ances- 
tor. But during several years I could not con- 
ceive how each form could have been modified 
so as to become admirably adapted to its place 
in nature. I began therefore to study domes- 
ticated animals and cultivated plants, and after 
a time perceived that man's _l- power __-_ of selecting 
and breeding from certain individuals was the 
most powerful of all means in the production 
of new races. Having attended to the habits of 
animals and their relations to the surrounding 
conditions, I was able to realize the severe 
struggle for existence to which all organisms 
are subjected; and my geological observations 
had allowed me to appreciate to a certain ex- 
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tent the duration of past geological periods. 
With my mind thus prepared, I fortunately I %~L? happened to read Malthus's Essay on Popula- , 
tiolz; and the idea of natural selection through 
the struggle for existence at  once occurred to 
me. Of all the subordinate points in the 
theory, the last which I understood was the 
cause of the tendency in the descendants from 
a common progenitor to divevge in character." * 
This short passage in personal history may 
considerably aid others in their study of the 
theory. 

This letter may with advantage be supple- 
mented by one or two brief extracts from The 
Origin of #pecies. In one of his most recent 
editions, our author sa.ys,-" It may be meta- 
phorically said, that !latural selcctiorl is daily 

the slightest variatioas, rejecting those that 
and hourly scrutinizing throughout the world 

are bad, preserving and adding up all that 
are good; silently and insensibly working, 
whenever and wherever opportunity offers, 
at the improvement of each organic being in 
relation to its organic and inorganic condi- 

*The passage is quoted rts given by Schmidt in his Doctrine 
of Descent, p. 132. Italics are inserted to guide the eye of the 
reader to the suocessive stages. 
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tions of life." Such a metaphorical representa- 
tion attributing to nature different processes, 
such as scrutinizing, rejecting, preserving, and 
working, considerably aids us by pointing to 
the intellectual conditions involved in the ac- 
ceptance of the theory of evolution. To this 
it may suffice if there be added the closing 
passage in our author's work on species, indi- 
cating his view of the relation of all to the 
supernatural. It is in these words-" Thus, 
from the war of nature, from famine and death, 
the most exalted object which we are capable 
of conceiving,* namely, the production of the 
higher animals, directly follows. There is 
grandeur in this view of life, with its several 
powers, having been originally breathed by 
the Creator into a few forms or into one; and 
that whilst this planet has gone cycling on 
according to the fixed law of gravity, from so 
simple a beginning endless forms most beauti- 
ful and most wonderful have been, and are 
being evolved." -f- On this passage, Schmidt 
has remarked-" In  this concession, Darwin 
has certainly been untrue to himself; and it 
satisfies neither those who believe in the con- 

* Referring to organized being. 
- j Origin of Species, p. 577. 
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tinuous work of creation by a personal God, 
nor the partisans of natural evolution." I n  
this criticism we have a good example of the 
manner in which an impression of conflict is 
fostered. The rejoinder to Schmidt is obvious. 
Those who value religion seek no concessions, 
but desire to banish from scientific and phi- 
losophic writing all thought tending in this di- 
rection. If, however, needless complications 
are to be avoided, we must have exact state- 
ments of the relative positions. The sen- 
tence just quoted involves a misrepresenta- 
tion equally of religion and science. Belief 
in the supernatural does not imply belief in 
a continuous work of creation, and therefore 
does not carry any thing inherently antag- 
onistic to the conception of evolution under 
natural law. On the other hand, belief in 
evolution of species under the action of natural 
law does not decide the question, concerning 
the origin of life, just as a science of nature 
can decide nothing concerning the supernatural. 

Professor Schmidt is, however, so far from 
clearly and consistently recognizing the exact 
limit of the theory, that within the compass 
of a single page he first affirnls the limitation, 
and then denies it. First vindicating Darwin 
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from the attack of Max Miiller as to begin- 
ning and end of living organism, he says, 
" The origin of life has in fact nothing to do 
with actual Darwiiiism, or natural selection, 
unless the principle of selection be extended 
to the inorganic world of matCterlv * an entan- 
glement which Schmidt is willing to avoid, 
and which Darwin carefully shuns, distinctly 
stating that " Science in her present state 
does not countenance the belief that living 
creatures are now ever produced from iiior- 
ganic matter."? But Schmidt has no sooner 

)placed himself behind this line of defence, 
i 
;thanChe attacks Darwin for acknowledging 
Jorigin of life by creation, maintaining that 
l "  it is directly incompatible with the doctrine 

1 of descent."  he theorist must take either 
lone side or the other. Either he must main- 
jtain that the theory of descent has " nothing 
to do with the origin of life," and in that case 
there is no conflict with religious thought; or 
that the theory of descent is incompatible 
with creation, and in that case there is con- 
flict with religious thought, and at the same 

* Doct. of Descent, p. 161-2. 
t Origin of Species, 4th ed. p. 143. 
# Doot, of Desceat, 162. 
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time inconsistency with science, in respect of 
its own definition as an explanation of nature, 
and in respect of its own results which do not 
involve " spontaneous generation," but do in- 
clude the position that not a single particle of 
matter can be originated or destroyed by any 
power recognized in operation. No one will 
" dispute the claims of the investigation of 
nature to its logical inferences," but " where 
the material substratum is deficient,?' most 
reasonable men will demand that distinct ac- 
knowledgment be made of the fact, and that 
the boundaries of science be defined accord- 
ingly. If, however, any one be inclined to 
maintain that "where the material substra- 
tum is deficient," all inquiry must terminate, 
and human thought must refuse to go furtsher, 
or to attempt to rise higher, this certainly is 
not science, but an illogical attempt to make 
the science of nature commensurate with the 
boundaries of thought,-an arbitary declara- 
tion that " the causal series " within the rna- 
terial universe is the sum total of causality. 
Such an affirmation can not warrantably at- 
tach itself to a theory of descent, as it can 
not be tested by observational methods, but 
altogether by reference to the laws of thought 
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deterinining the value of rationalizing pro- 
cesses. The theory of " natural evolution," 
implies evolution from something; it postu- 
lates a beginning from which it takes proced- 
ure, and it exhausts itself in observations con- 
cerning such deviations as occur in the annals 
of natural history. If, therefore, any of " the 
partisans of natural ev~lut~ion," take up a po- 
sition involving denial of a rational acknow- 
ledgment of the supernatural, they isolate 
theinselves in so doing, leaving the tbeory 
free from responsibility as to their attitude, 
and taking upon themselves the logical neces- 
sity for vindicating their position on grounds 
with which the theory of evolution itself has 
no concern. 

Having thus vindicated the theory of nat- 
ural evolution from all share in the denial of 
creation, and having entered a protest upon 
purely scientific grounds against the attempt 
to translate a scientific theory concerning a 
limited order of facts within the universe into 
a ~netaphysical theory concerning the origin 
of the universe, we are in a position to con- 
centrate upon the theory itself as an attempt 
to provide a scientific explanation of the his- 
tory of living organism. And this is here 



LIFE AND ITS DEVELOPMENT. 147 

done with the view of ascertaining, in a gen- 
eral and necessarily restricted manner, the 
value of the evidence pressnted for its accept- 
ance, thereby ascertaining its relations to the 
essential characteristics of religious thought. 

The first and simplest part of the task is to 
indicate the favorable impression it has made 
on the minds of men,-the conquest it has 
already won for itself,-as a theory carrying 
within it a large amount of truth, whatever 
may be its final form, after the very intricate 
and difficult questions involved have been 
carefully examined. The theory has carried 
general approval for the position that " allied 
species are descended from a common ances- 
tor," or, stating the same view in the manner 
suggested by experiment, that it is possible 
to obtain in the history of a single race of an- 
imals, considerable deviations in structure, 
and to give these deviations fixedness or per- 
manence by continuance of selected features 
along the line of hereditary descent. This 
has been amply illustrated by the examples 
of the various orders of pigeons, and of dogs; 
both classes of animals having been largely 
experimented upon, and the distinct varieties 
being easily recognized and popularly known. 
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Comparatively little hesitation exists as to ac- 
knowledging that the different orders of pig- 
eons have had a common ancestry; and that 
the same may be said of the different races 
of dogs. These examples afford the govern- 
ing conception of the evolution theory, pre- 
senting the type of evidence which has led 
on to the wider generalization. Under the 
discussions which the theory has originated 
facts previously familih have been contem- 
plated in a different light, as bearing upon a 
general plan or order of procedure apparent 
in the history of organized existence. The 
consequent gain for the theory is altogether 
favorable to the restricted doctrine that al- 
lied species have had a common descent, or 
that a single type of organism may under the 
law of evolution lead to the appearance of 
different orders or races of animals. 

The clear advance thus made in our con- 
ceptions of the history of the universe will 
appear by simple statement of negative re- 
sults following from the admission of the mod- 
ified form of doctrine just given. These in- 
volve the rejection of views previously held, 
not by religious men in religious interests, 
but by men generally, as the natural conse- 
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quence of the want of scientific investigations 
fitted to guide the public mind. So far as a 
general conclusion has gained assent, men 
show no reluctance to accept the clear logical 
inferences following from the investigation of 
nature. 

Among these results is rejection of Jxedness 
of speci2s as implying impossibility of deviation 
from a single normal type of structure. The 
possibility of adaptive changes being granted, 
the absolute fixedness of species in the rigid 
sense formerly ackiiowledgcd is abandoned. 
How great the modification of view must be, 
is much more difficult to decide, and hardly 
admits- of exact statement. There is certainly 
no denial of distinction of species, nor can such 
denial ever find acceptance, whatever be the 
advance of theory, for the distinctions are so 
broad as to render this impossible. But the 
whole work of classification of the different 
orders of animal life, exceedingly difficult in 
any case, has been rendered much more per- 
plexing in consequence of the accumulation 
of evidence favoring the doctrine of evolution. 
What can properly'be regarded as the origin 
of a new species, and what as a mere nzodifi- 
cation or advance in a species already recog- 
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nized, are questions for which it is difficult to 
find an exact answer. The theory of the 
" origin of species" by natural selection seems 
placed in an awkward perplexity as to what 
constitutes origin of a new order of life. And 
this diFiculty must be regarded as a constant 
attendant on the scheme of thought, since 
" adaptive changes" must be of slow pro- 
gress, and historically obscure, inasmuch as a 
succession of very slight differences must con- 
tribute to a general result. In  this way it 
may even become matter of keen discussion 
what actually constitutes organic advance. 
Mr. Darwin admits serious difficulty at  this 
point. He says, "Here we enter on a very 
intricate subject, for naturalists have not de- 
fined to each other's satisfaction what is meant 
by an advance in organization." * Thus there 
is dispute among competent authorities as to 
which may properly be considered the highest 
order of plants, and which the highest order 
of fishes. On the other hand, it is compara- 
tively easy to decide among the more highly 
organized animals, when an advance is made, 
by reference to illcreased complexity in struct- 
ure, or provision of separate organs for ac- 

* Origin of @ecies, 4th e& p. 141. 
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complishment of distinct functions. These 
considerations, however, suffice to indicate 
how many and complicated are the subjects 
requiring to be examined on evidence, and 
adjusted in their relations to each other, be- 
fore it can be possible to get beyond surmise, 
in order to formulate a complete scientific 
theory. That " adaptive changes " by nat- 
ural law of evolution are not only possible, 
but that they frequently occur under obser- 
vation, admits of no question; but whether 
this includes changes of structure such as im- 
ply origin of species may still be subject of 
grave doubt. The alterations made by Mr. 
Darwin in successive editions of his book, 
from the first edition in 1859, to the sixth 
edition in 1872," introduced, as he explains, 
" according as the evidence has become some- 
what stronger or weaker," are sufficient to 
suggest that a vast amount of work remains to 
be done before a well-defined theory can be for- 
mulated. While there is universal agreement 
as to the possibility of " adaptive changes " to 
which Mr. Darwin provisionally restricted his 
theory on account of the investigations of 

' It may be well to mention here that the third American edi- 
tion is from thejtjth English edition. 
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Nageli as to plants, and those of Broca as to 
animals, there is much diversity of opinion 
concerning the wider application of the theory 
of evolution. This diversity arises in part from 
the varying estimate of the value of evidence 
as now accumulated, and in part from the 
varying conception of the completeness of 
our records of the ancient history of organism 
as presented by geology. There is as yet no 
general consensus of opinion, nor is there 
likely to be for a long time to come. Mr. 
Darwin himself is sufficiently cautious and 
faithful to observational methods, to admit 
that there are serious difficulties, of some of 
which he ventures only to say that they " are 
greatly diminished," while some have disap- 
peared. Other writers, such as Hzckel, with 
greatly less caution, and with much greater 
alacrity in leaping over chasms, are prepared 
to go much further and faster than Darwin. 
XlIany more are exceedingly doubtful as to 
the scientific value of the evidence at  com- 
mand, being, as Mr. Darwin has said, "much 
shaken in their former belief." * And of many 
it must be said that they are convinced that 
the evidence is far from warranting the con- 

* Origin of Epee&, 6th ed, p. 289. 



LIFE AND ITS DE YELOPMENT. 153 

clusion that all organized existence can be 
traced to " only a few forms," or to " one," 
according to the alternatives suggested by 
Darwin in the closing sentence of his book. 

Waiving, then, meanwhile, as the state of 
scientific evidence warrants us to do, the 
question of the probable number of primor- 
dial forms in which organized existence ap- 
peared, there is at  least another definite re- 
sult to be recorded as following from even a 
modified recognition of a theory of develop- 
ment, that is the rejection of 6elief in the 
sinzultaneous origin of all species or orders 
of animal life existing now in the world. 
The scientific conception of the history of 
animal life is, that there has been a histori- 
cal progression in the appearance of animals, 
in so far as lower orders took precedence 
of higher, while the higher have shown large 
power of adaptation to the circumstances in 
which they have been placed. In accordance 
with the whole principles regulating the rela- 
tions of religion and science, religious men, 
scientific and non-scientific, will readily ac- 
quiesce in this modification of general belief, 
as largely favored by evidence which geology 
supplies, and supported by testimony drawn 
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from the actually existing order of things; 
and they will do so with clear recognition 
that this view involves no conflict with scrip- 
tural statement, and is so far from containing 
in it any thing antagonistic to the fundamen- 
tal conception of the supernatural origin of 
existence, that it harmonizes with it, even 
intensifying the demand upon a transcendent 
cause for the rational explanation of the ad- 
mitted order of things. 

Having thus indicated in definite form the 
favorable impression made on the public mind 
by the theory of evolution under a law of nat- 
ural selection, it will suffice to indicate very 
briefly the more prominent dificulties with 
which the theory has grappled, but from 
which it has not escaped. In doing so, it 
should be said that the careful and deliber- 
ate manner in which Mr. Darwin has faced 
the host of difficulties which have gathered 
around is deserving of highest praise, as in 
harmony with the scientific spirit, and in 
marked contrast with the light-and-go-easy 
style in which others, such as H ~ c k e l ,  and 
even Schmidt, pass over the ground, an- 
nounciilg things as undoubted facts, and even 
" self-evident" truths, of which no maa can 
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speak with. any degree of certainty. On the 
other hand, it seems a reasonable ground of 
complaint against many opponents of the the- 
ory, which Mr. Darwin urges specially against 
Mr. St. George Mivart, that it is no part of 
their plan " to give the various facts and con- 
siderations opposed to their own conclusions,1' 
while marshalling the difficulties against an 
evolution theory. And yet it should be re- 
membered that a great service is done to 
science in a period of transit,ion, when diffi- 
culties are powerfully urged against a popu- 
lar hypothesis, as an injury is done to science 
by precipitate and ill-considered arguments 
in support of such a hypothesis. 

Of the most serious difficulties in the way 
of a theory of descent by evolution, the $rst 
concerns the rzature of the evidence, inasmuch 
as all change coming under observation does 
not indicate progression or improvement in the 
organism. The importance of this may be 
best indicated by quoting Mr. Darwin's ex- 
planatory words as to alterations in the fifth 
edition of his book oil species. He says, " I n  
the earlier editions of my Origin of flpecies, 
I probably attributed too much to the action 
of natural selection or survival of the fittest. 
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I have altered the fifth edition of the Origin 
so as to confine my remarks to adaptive 
changes of structure. I had not formerly 
sufficiently considered the existence of many 
structures, which appear to be, as far as we 
can judge, neither beneficial nor injurious, and 
this I believe to be one of the greatest over- 
sights as yet detected in my work." When 
it is certain that deviation from the normal 
structure may take place which is a disadvan- 
tage to the individual, and that this nzay de- 
scend to offspring; when it is also shown that 
deviation may occur which appears to serve 
no end, that is, contributes to no phase of 
functional activity; when besides advantages 
gained are lost, and the race returns to its 
original type of structure; and when farther 
there are examples of degeneration, as in par- 
asitic races,-such facts interpose special diffi- 
culties in the way of an all-embracing theory 
of progress by natural selection. Besides, as 
deviations occur of an unfavorable kind anlong 
domesticated animals under the care of man, 
it becomes obvious that progress inq- be read- 
ily lost even in most favorable circumstances. 

The next outstanding difficulty is that of 
meethg the requirements of logical inference 
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This has been specially urged by Mr. Mivart 
as bearing upon the " incipient stages " of ad- 
vance, and the difficulty certainly presses 
heavily at  that point. Natural selection may 
account for much in the history of higher or- 
ganisms where powers of sensibility and lo- 
comotion are great, but how can we find in 
naturd selection an adequate explanation of 
progress jg? organisms within which these pow- 
ers are at the lowest. The difficulty is to get 
a cause sufficient to account for the start of 
a movement so vast as that which is to cul- 
minate in man. Mr. Darwin feels the force 
of this difficulty, and replies thus, "as we have 
no facts to guide us, speculation on the sub- 
ject is almost useless."* But this perplexity 
which is most glaring at  the beginning of the 
upward course, clings to the theory at  every 
stage in the combination of struggle and im- 
provement,-descent involving a real ascent. 
Whether the organism be more or less com- 
plex, it depends upon external causes for its 
improvement, and the dependence continues 
at every stage. Granting that there is every- 
where struggle for existence and survival of 
the fittest, are these sufficient to account for 

* Origin of Species, 6th. ed. chap. iv. p. 100. 
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results so great as are involved in unceasing 
advance of organism ? 

If it be argued that they are sufficient, a 
serious perplexity comes from the. opposite 
quarter,-How does it happen that all organic 
existence does not advance together to a com- 
mon elevation? If the theory accounts for 
advance, how shall we account for the want 
of i t ?  The difficulties are as gre& for the 
theory in view of the large body of facts it 
does not attempt to include, as in the facts it 
strives to embrace. Agassiz put this difficulty 
with much force in 1857, and it has not re- 
ceived any satisfactory answer. He said, " It 
is a fact which seems to be entirely overlooked 
by those who assume an extensive influence 
of physical causes upon the very existence of 
organized biiags, that the most diversified 
types of animals and plants are everywhere 
found under identical circumstances." * If, as 
Mr. Darwin says, " looking to the first dawn 
of life," we may believe that " all organic 
beings present,ed the simplest structure "; if 
the struggle for existence is uniformly en- 

- * Contributions to the Tuturul History of the United States, In- 
troduction, Boston, 1857; and Essay on Classijlcation, p. 15, pub- 
lished separately; London, 1859. See Appendix VL 



countered and leads to survival of the fittest, 
how is it that within the same area, organ- 
ism has not advanced to similar complexity? 
If under constraint of the evidence for the 
theory, we surrender the doctrine of inevita- 
ble fixedness of species, how shall we never- 
theless account for the permanence of species? 
It is not suggested that there is at  successive 
stages " new and simple forms continually be- 
ing produced by spontaneous generation." 
This hypothesis of Lamark is rejected by 
Mr. Darwin,* as it is by almost all scientific 
observers? How, then, can we explaiii the 
facts? We are told that certain orders have 
"fallen out" in the march of progress; but 
we need a scientific accouiit of this which 
shall harmonize with a theory of action of en- 
vironment, and such an account is not forth- 
coming. It may be said that the very success 
of the theory by accumulation of most strik- 
ing and important evidence, is bringing it into 
difficulty, and suggesting its insufficiency. The 
illore powerful and imposing the action of the 
law of natural selection, the more pressing 
becomes the need for a scientific explanation, 
at  once distinct and harmonious, which will 

* Oriy;?~, 4th ed. p. 143. 
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account for the persistence of species, when 
struggle for existence goes on under similar or 
even analogous action of environment. The 
presence everywhere of these lower forms 
alongside of the higher, adds greatly to the at- 
tractiveness of nature, and not even the grand- 
eur of a universal advance towards the high- 
er levels of organization would make up for 
the disappearance of the marvels of lower 
orders of animals. A monotony of grandeur 
may compare unfavorably with the wealth of 
variety and adversity; and so a law of con- 
tinuity or persistence may be found adding 
to the greatness of a universe in which n, law 
of progress or evolution also finds uniform 
application. 

Upon this contrast between persistence and 
progress, general attention will henceforth be 
concentrated in judging of the place and value 
of a theory of descent. There is no need 
for hurry or impatience in this matter. The 
words of Mr. Darwin will find ready assent 
as he says, " No one ought to feel surprise at 
much yet remaining unexplained on the origin 
of species, if we make due allowance for our 
profound ignorance on the mutual relations 
of the inhabitants of the world at  the present 
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time, and still more during past ages." * I n  
accordance with this acknowledgment, a wide 
range of scientific research still remains to be 
undertaken, and religious thought can have 
nothing but friendly interest in the work, 
as it may well be assured of drawing thence 
fresh contributions of great value for higher 
speculation concerning the government of 
the universe. 

* Origin of Species, 6th. ed. chap. iv. p. 100. 



LECTURE V. 

RELATIONS OF LOWER AND HIGHER ORGAN- 
ISMS. 

F R O M  the general aspects of the theory 
of species, we pass to the consideration 

of distinct groups of organism, with the view 
of ascertaining their relations to each other. 
I n  doing so, it is better to begin at the lower 
end of the scale, leaving for a more advanced 
stage of inquiry the higher types of organism. 
I n  this department of the subject, special ob- 
ligations are due to the wide range of inves- 
tigations either occasioned or stimulated by 
the theory of evolution. For, whatever may 
be the ultimate award passed on this theory, 
there will be a unanimous recognition of the 
great value to science attending on the varied 
forms of inquiry stimulated by the writings 
of Mr. Charles Darwin. And one obvious 
and strong reason for such acknowledgment 
is that so many of the results of these re- 
searches have an inherent value quite dis- 



RELA TIOOYS OF ORGANISMS. 163 

tinct froin their testimony in favor of the 
theory that the struggle for existence is the 
principal factor in the origin of new species. 

One of the most interesting fields of obser- 
vation thus opened, is that concerned with 
the fertilization of plants by the intervention 
of insects and birds. A beginning in this de- 
partment was made by the German naturalist, 
Christian Koiirad Sprengel, who published in 
1793 the report of his observations. In  this 
he has been followed by Darwin, in 1862; by 
Dr. Hooker, Professor Asa Gray whose con- 
tributions appeared in the Anzerican Jour- 
nal of Hcience and Art in 1862, and 1863, 
Moggridge, Fritz Miiller, and Sir John Lub- 
bock. The facts now accum~~lated, as 
an important contribution to botany and zB- 
ology, aiid naturally fall within the circle of 
recent advances to which it is desirable that 
attention be turned. 

The general result is one of great interest, 
as illustrating a striking degree of interde- 
pendence between lower and higher organ- 
isms, - the vegetable aiid animal kingdom 
contributing to each other's subsistence ancl 
propagation. Flowers present special attrac- 
tions to insects flying around, slluritlg then1 
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by varied colors, and providing for them by 
secreting stores of honey; on the other hand, 
these insects (flies, bees, wasps, etc.), seeking 
the honey which satisfies their wants, at  the 
same time~carry the pollen from one flower 
to another, thus providing for the fertilizing 
of the plants. In  some cases, fertilization is 
secured by a natural process within the or- 
ganism itself; in other cases, the pollen is 
scattered over a region by the wind; but 
the most wonderful, and at  the same time 
efficient mode of providing for the growth 
of vigorous plants, is fertilization by the 
agency of insect life. 

A brief outline of the ordinary structure of 
the flower will introduce to a ready appreci- 
ation of the scientific interest attaching to this 
last mode of fertilization, both as concerlliiig 
the f~~nctions of different portions of the flow- 
ers, and the relation of dependence established 
between higher and lower forms of organism, 
so that each is dependent on the other. 

Every flower as it unfolds from the bud, 
consists of a series of whorls, or layers of sub- 
stance twined or twirled round in such a man- 
ner as to uiifold or coil back, as the flower 
opens. The outermost of these whorls (calyx) 
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is a mere covering or sheath, usually of a 
green color, which protects the bud during 
the more tender period, curling up and with- 
erirlg as the flower opens, spreading forth its 
beauty. The second whorl (corolla) is what we 
more commonly regard as the flower proper, 
the colored leaves, or cup, or bell, according 
to the specific shape distinguishing the plant. 
The third whorl consists of a series of stalks 
or filaments (stamens) which as the flower ma- 
tures or ripens stand up distinct from each 
other, each one having at its summit a little 
tuft or cushion (anther) covered with a fine 
dust or powder (pollen). The fourth or inner- 
most whorl, the centre piece of the flower 
(pistil) is that in which the seed is generated 
and brought to maturity. We may thus say 
of the flower, that its outermost whorl is a 
temporary covering which withers and shrinks 
out of view, when the beauty of the inner 
structure is laid open; that the second is that 
which attracts the eye by the loveliness of its 
hues; while the two which belong to the in- 
ternal structure of the flower are concerned 
with the reproduction or propagation of the 
plant, providing for the healthy germ from 
which a fresh plant of the same order may 
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spring up. The relation of the fine yellow 
powder produced at  the tips of the third 
whorl, to the seeds which are gathered to- 
gether within the fourth whorl, is the matter 
to which special attention has been directed 
by the recent discoveries which have rewarded 
patient research. The fine powder or pollen 
needs to be carried to the seed, so that its 
properties may operate upon that seed, if it 
is to be fertilized, or so matured, as to f~~lf i l  
its function in generating a new plant when 
i t  is committed to the soil. I n  many cases i t  
is enough that the fine powder should fall 
down from its elevation on the seeds below. 
This is self-fertilization, and is easily provided 
for by the mere bending of the head of the 
flower as it approaches maturity, or by the 
swaying of it in the breeze. But a more dif- 
ficult, and as we might be inclined to add, 
more precarious, because less certain, method 
for fertilization is required in many cases. 
The experiments carried on by all our gar- 
deners, and in a still more extended scale in 
all our centres of botanic research, have estab- 
lished the fact that in many cases, the yellow 
powder of one plant must be in some manner 
carried over to the seed produced within an- 
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other flower, if that seed is to yield a satis- 
factory result to the horticulturist. 

We have thus two prominent facts here. 
The one is the essential importance of the pollen 
for fertilization; and the other, the need for the 
transference of the pollen from one plant to an- 
other in order to secure reproduction of vig- 
orous growth by the sowing of the seed. As 
to the first, the pollen, which appears a fine 
powder or flour contains fluid protoplasm, 
that which Professor Huxley has described as 
the " single physical basis of life under all the 
diversities of vital existence." * These pollen 
grains falling on the seed discharge their pro- 
toplasmic fluid upon it, and by this means 
contribute to fertilization. This original or 
primordial form of vitalising agency is carried 
from one part of the flower to another, and 
this transference is the law regulating the 
propagation of flowering plants. 

But, just at this point, we come upon 
the most striking results of recent research. 
Though all pollen is of this primary nature, 
named protoplasm, it is not found to hold 
true that pollen is of the same value for fer- 
tilization from whatever quarter it comes. 

* Lay Sermons, chap. vii., p. 134. 
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On the contrary, most important differences 
result according to the source of the pollen. 
There is first the process of self-fertilization. 
But in many cases,-Mr. Darwin has shown 
that this holds of the majority of the orchids, 
-transference of the pollen from one plant 
to another proves to be a great advantage, if 
not an actual necessity for propagation of the 
plant. This process, known as cross-fertiliza- 
tion, gives a healthy and vigorous growth; 
want of it, will lead to degeneration, and ulti- 
mate extinction. This discovery has intro- 
duced a whole series of the most striking ob- 
servations, throwing a flood of light on the 
distribution and interdependence of distinct 
forms of organism. The necessary relation 
between the pollen and the seed having been 
acknowledged, and next the value of transfer- 
ence of pollen from one plant to another, the 
first step in the line of discovery was made by 
the observation of a natural provision to pre- 
velzt self-fertilkution by rendering it impossible 
that the pollen of a plant sho~~ ld  fall on the 
seed of that plant. This entrance on the line 
of discovery was made by Sprengel so far 
back as 1'790, by whom it was observed that 
in many plants the pollen and the seed did 
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not come to ripeness at the same time." I n  
some cases, the pollen is ripened before the 
seeds are ready; in other cases, the order 
of events is reversed. This observation nat- 
urally suggested transference of pollen from 
one plant to another; and this, connected 
with the continual coming and going of flies, 
bees, and butterflies, led to the further dis- 
covery, that insects unwittingly perform a 
large part of the work needful in order to 
provide for fertilization. Mr. Darwin has 
pointed out that from the paper of Robert 
Brown in the Linnean Transactions, in 1833 ; 
and from that of Dr. Hooker in the Philo- 
sophic Transactions for 1854, the peculiar phe- 
nomena had begun to awaken scientific inter- 
est. It was, however, when the researches 
as to origin of species had given fresh motive 
to observatioil concerniilg the relations of dif- 
ferent types of organism, that the whole facts 
were brought to view, separately recorded, 
and at  length systelliatized so as to lead to 
their full interpretation. Mr. Darwin hiillself 
concentrated on the orchids as peculiarly inter- 
esting and suggestive, while a host of work- 

* Darwin's Fertilization of Orchids, p. 2; Lubbock's BcientifEa 
Zectures, p. 8. 
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ers all over the world were turning their ener- 
gies into this new field of observation which 
promised ample return for patient research. 

As a reward of these investigations impor- 
tant facts have been established on ample 
evidence. First, it has been confirmed by 
varying lines of evidence that transference of 
pollen, or cross-fertilization, is of special value 
in the development of plant life. Investiga- 
tion has strengthened the evidence of disad- 
vantage arising from fertilization by exclusive 
dependence on self-produced pollen. Fritz 
Miiller has recorded a variety of observations 
that the pollen of some Bowers has so little 
influence on the seed produced on the same 
stem that when it falls upon the seeds no 
effect is produced; the pollen lies there as if 
possessed of no more vitalizing power than 
grains of dust. And, what is even more sur- 
prising, lluller has foulid examples in which 
the pollen does act upon the seeds of its own 
flower, but acts injui-iozcsly, insomuch that the 
flower, the pollen, and the seed-producing 
portion of the plant begin to decay.'" So 

+Sir John Lubbock's Sciond$c Lectures, p. 3. Mr. Darwin red 
fers to Fritz Miiller's papers as reported in Botanische Zeifung, 
1869-70. Appendix IX. 
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deep has been the impression made on Mr. 
Darwin's mind by the evidence of provision 
for transference of pollen, that he closes his 
valuable and interesting book on the Fertiliza- 
tion of Orchids with the following statements. 
Having remarked that " self-fertilization would 
have been an incomparably safer and easier 
process than the transportal of pollen from 
flower to flower," he adds these words,-" It 
is hardly an exaggeration to say that Nature 
tells us, in the most emphatic manner, that 
she abhors perpetual self-fertilization." * 

The next result secured presents an impor- 
tant relation between animal life and vege- 
table. These flowers do not depend for their 
fertilization upon the action of the wind, 
which in scattering profusely in all directions 
must occasion large waste of pollen. There 
is found to be distinct provision for carrying 
the pollen from one flower to another by in- 
sects, such as the bees, whose industry in 
gathering honey has been celebrated from 
ancient times, specially because of our inter- 
est in the store-house, but with little sus- 
picion of the double work being done by 

* The ~'arious Contrivances by which Orchids arefertilized by In- 
sects, 2d ed. p. 293. 


















































































































































































































































































































