
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 
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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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ing floods of edifying ancl comforting light from beginning to end. It is a good 
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" I t  is, as  a whole, superior to any other system of theology in our language.", 

Christian J3unaal. , 

Dickson (Rev. Alexander, D.D.). 
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proportions of the divine original portrayed. It is a book to stimulate research " 
- Metlwd&st Recorder. 
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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- 



EXPERIENCE FROM PAST CONFLICTS. 47 

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, 



52 SCIENCE AND IPELIGION. 

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. 
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