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P his lawe of otganic progress is the law of 217 poogress,  Whether

i b bl developoest of tiee earlly, o $he developioent of Jife

ppeim its swrface, in the development of spisty, of govermment, of
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same evolozion uf the simple ieen the complex, shroogh g process of
comtinuons differeantiaton, holds heeughoal,™
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PREFAQE.

Tun purpose of this book is to aid the teavhier in making
conditions faverable for the contact of the learner with
mathematieal realities.  Sinee the simplest as well as the
mast comples relations hecome knoown only through mental
activity in compraring, attention is given to an enviromment
which shall continnally induce this activity. The compari-
gon of mapgnitudes includes all the other oparations of arith-
metic. This is apparent when we reflect that all advance
i knowing is by progressive acts of aoalvsis and svnthesis.
Whether we compare by means of the olject or by means of
itz symbol. the mind should gtill be free to move from the
vague to the definite throngh its own acts.

In the first book of this series v was said: “That quan-
ity 15 a ratio becween terms which are themnselves relative
18 & truth wlich has often been pointed out, but which the
work of the schools shows to be felf by few.” In the minds
of many bred upon the language of mathematics, the mode
of expression has acquired an independence which exeludes
the veality. The presentation of relative magnitnde as a
subject of study in the elementary schoel has, however, met
with gratifving responge.  Some anthors, indeed, whose
presentations are entively foreign to the development of
ideas of relative magnitude, have rvecently written wrging
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iv PREFACE.

relations of magnitude as the objects of swudy ; others have
given the word ¢ ratio " a prominent place in new editions.
# A religious voeabulary without religious experiences™ is
of little value; a mathematical vocabulary without mathe-
matical experiences 1s of no wore value.  The student can-
not advanee in any seience if Lis attention is absorbed in
the language, Non-mathematieal work eannol generate
wathematical ideas,  Deliuitions of mathematies and of
quantity avail little withoul the [ecling aml the intimate
understanding which eanse us to shape our work in aceord
with the illuminating ideq.

The wmode of dealing with the greatest common measnre,
percentage, longitude and lhne, square rool, mensuration
is in aeccord with underlying muthematical ideas. The
pupil advances in the indivest establishment of relations of
magnitiede by living in practical conlact with mathematical
realitios.!

Each snbject has its own olementary ideas.  The study
of relative magnitude does not give a basis for inferences in
history or biology, nor does attention to bistory give a basis
for mathematics. The power to say, ¢ The act 15 hrm'ﬂ,*’ i,
“MThe buililing 15 fitly propovtioned,” begins in eomparing
through the senses, but the observing which leads to one
of these Judgments does not furnish o basis for the other.
But all elementary work should be formative of a mental
habit which may be fitly carried into all lines of effort.

LieOme well-known prineipls woderlying the scquisition of knowl-
edge is that an idea cannot e fally grasped by the youthful mind
nnless it is preseoted under a conerete form.  Whenever possible an
abatract idea moust be embodied in some visible representation. . . .
Shonld it appear w any one that we thns detraet from the generality
of algebreie gquantities, it is sufficient to reply that the system iz the
same which mathematicians ose to nesis! thelr coneeptions of advanced
alzebra, and without which they wonld never have been able to grasp
the complicated relationsof imaginary qoantities, ' — Sixos NEwcoss.



FREF AU, v

Things must be obaorved in various aspects if they are
to be known, but to say that too much attention fo mathe-
maties or Lo particular things weikens is merely to make a
specific application of a universal fruth.' The presentation
in this series is from the standpoint that any success 1s
dangerous which lessens the sueceptibility of the mind.
The constant parpose 15 to promote growing power to act

m uew clrewmnatances,
WOW. SI'EELL.

L The intensity with whiel any form of cxercise is carried on
during the growing period leaves its trace, and the abzence of it at
the proper time is for fha mesl, pact reemediable. W should Tuedly
expect woch appreciation of eclor in o poerson broaght up in the dark,
however good his natural endowiments in this divection,  Thuos any
lack of carly experbenee may leave a spol permonently nndeveloped
in the cemtral aystem.”— Fror, H. H, Doy Lmaos.

Mor cane we expeel appresiglion of mwatheosiical sdations if there
is no cpportunity for attending to them. O we leave the sense of
propociing undeveleped, &od lesve the pup] wnawses of the realities
of mathemarics in the elementary worlk, we can carcely cxpeot inter-
#ib in reliative magnitude 4l lber perisl. - A cTRos,






INTRODUCTLON.

Interdependenee of the Prwers, - Ab all slages education
involves the whole persenality.  Continued inpressibility
15 4 eondition of growiny power o think and act. Atlempts
to substitute the analyeic-synthecic acts of the wdult for
those of the child separate Lhe ¢hild fron realitiez of which
e would casily possess himsetf if not mterfered with.
Through many facls we riso o laws which embrace them
all amwd lead to other truths, Bo the higher mental life
embraces the lower and further develops, not by disuse of
the powers, bnt by inereasingly effective use of them.
Vared selfaclivity is the great characleristic which dis-
tinguishes higher from lower orgunisins.

Means and Fwl, — Intelligent effort is the adaptation of
means to end.  Mathematies is w mesns of educating, just
as botany and history are. From the mathematical side
the purpose of the study is the diseovery of the relative
maguitude of things. What, then, should be the course of
procedure?  Manifestly the learner canmot respond to that
by which he is not affected. Ts there any way by which he
van become affected by velations of magnitde except by lis
own activity ' of sense and mind in vegard to such relations ?

1w Thos even when the relation is divectly pregented, e, in the
spatinl relation of two simuhtaneously percedved objects, it & evident
that attention must diveet gel! to this relation, aud selectively bring
it intn mental prominence.*’ — . Jaups Soney.
Wil



