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X-RAY INVESTIGATION OF STRESS MEASUREMENT

ON Cu-Zn ALLOYS

by Jyunichi ARIMA

1. Introduction

The stress measurement by X-ray is based
on the variation of lattice spacings of metallic
crystals due to stress. It has been noted as a
unique method of non-destructive measurement
of local stress (especially residual stress). Re-
cently, the experimental procedure if X-ray str-
ess measurement is applied in very wide fields
of engineering studies in consequence of the
development of X-ray equipments as well as
the improvement in measuring me(tll)l(é)cf) The
stress values obtained by the X-ray method
have come to give sufficient reliability.

The stress measured by X-rays, however, de-
pends on the local value of lattice strains due
to heterogeneous deformation of metallic crys-
tals. Consequently, it seems that the generation
of these lattice strains is closely related to the
deformation mechanism of metallic materials,
which is extremely complicated, not yet being
completely understood. In other words, the me-
tallic materials are of various crystal structures,
and so the mechanism of deformation differs
with each metallic material. Moreover, the pla-
stic deformation is usually accompanied by cr-
ystal anisotropy. It is likely that the above-m-
entioned phenomena have important influence
upon the values of lattice strains measured by
X-rays.

In two phase alloys such as carbon steel, br-
ass and alluminum bronze, the plastic deforma-
tion is initiated primarily in the a-phase(matr-
ix). These alloys contain, however, besides pe-
arlite, as in the case of carbon steel, the §-

phase that has different crystal structure and

higheryield stress as compared with those of
the matrix,

It has been reported that stress of opposite
signs of phases, the so-called “Gefﬁgesp(a‘?(gun-
gen,” is present in these two phase alloys, wh-
ich is considered to be due to the relative ratio
of the two phases in the yield stresses coexisting
in the alloys. From the standpoint of clarifying
the strength of materals it is important to inv-
estigate how the second phase will affect the
first phase during the deformation, and to mea-
sure the residual stresses and elastic constants
of each phase.

In this connection, the authors carried out
a series of experiments using several kinds of
two phase alloys for industrial use in order to
clarify the essentials of the above-mentioned
mechanism of deformation.

In this paper, the results of the following ex-
periments are reported. First, the elastic const-
ants of annealed 7-3 brass and 6-4 brass were
measured by using CoKa, radiation, and they
compared with those mechanically measured.
Similar measurement was  carried out on the
plastically deformed specimens of the same ma-
terial. Secondly, the residual stresses in @-and
B-phases of the plastically deformed specimens
were measured. In connection with the above
measurement, the authors observed the micro-
structure using plastically deformed plate spec-

imens of 6-4 brass.

2. Experimental Procedure

(1) Specimens

The specimens used in this experiment were
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: . | Tensile . \ " . 7
Materials ij(el(} Prglznt Strength Elo?;qa)non | Materials Chiswical Cormposition: (95)
g/mm%) (Kg/mm?2) % Cu ‘ Zn } Fe
6—4 Brass|  18.0 30.6 42.0 6—4 Brass|  60.07 ‘ 39.89 0.40
7—3 Brass 13.9 27.5 65.0 i 7—3 Brass 64.87 ‘ 35.09 0.04
Table 1. Chemical Compositions and Mechanical Properties of Materials.

round bars of 10 mm in dia. and 200 mm in
length made of both 7-3 and 6-4 brass.

These finished specimens werz annealed at
400°C for 1 hr in air under the condition of
being embedded in brass tips for the purpose
of preventing dezincisation on the specimen
surface.

After the annealing, the specimen surfaces
were electrically polished by using a solution
of H;PO,-CrO; system. The shape and dime-
nsions of the specimens are shown in Fig. 1 and
their chemical composition and mechanical prop-

erties at room temperature are listed in Table. 1.
(2) Loading Device

The authors designed and constructed a ten-

Worm
Mechanism

Photo.1.

X-ray Apparatus and Loading Mechanism

sile testing machine of horizontal type for this
experiment. It was connected to an X-ray app-
aratus to subject the specimens plastically defo-
rmed to X-ray measurement. In this loading
device the specimens are loaded through worm
mechanism of the tensile testing machine, and
the loads are read from the dial-gage of loup-
dinamometer (max capacity of 3 tons). The
elongations of the specimens under any applied
stresses can be measured exactly from the am-
plified curves drawn on a self-balancing recorder
of electronic tube type which are operated from
‘wo differential transformers attached on both
sides of the specimens. The general view of this

tensile testing machine is shown in photo 1.

(3) Measurement of Elastic Con-

stants and Residual Stresses

by X-Rays

Th eX-ray diffraction apparatus
used in this experiment is of cl-
osed X-ray tube type, consisting
of both back reflection camera and
X-ray tube holder. The tube hol-
der has a rotating mechanism for
the purpose of changing the inci-
dent angle to the specimen surfa-
ce. The position of the tube hol-

der can also be adjusted in these
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dimensional directions in order to being the
center of rotation in line with the specimen
surface in case of different dimensions of the
specimens.

The X-ray used were CoKa,; beams, and the
diffraction lines from (400) and (310) crystal
planes which correspond to those of a-and -
phase respectively, were photographed in films
by the back reflection method.

The X-ray beams were applied to the center
of the specimen surface in vertical and oblique
incidences of 10°, 20 and 25°, and the values
of lattice spacings (cosec ¢) were calculated
from the measurement of radii of diffraction
rings. The annealed silver powders were used
as a reference material for accurate determin-
ation of the distance between the specimen and
the film. For the measurement of the radii of
diffraction rings, an automatic recording type
microphotometer with Cds detector was used.

From the peaks of distribution curves, the
values of lattice strains (cosec f¢) were deter-
mined correctly. The test conditions of X-rays
are summarized in Table 2. One example of
diffraction patterns and microphotometer curves

is shown respectively in photo 2.

7—3 Brass and

Materials 6—4 Brass
- a-phase (400)
X-ray CoKa B-phase (310)
| Filter Fe foil
Standard material : Ag powder

35 Kv and 15 mA

. Industrial 200 type
Film Exposure 20 min.

Sin2¢method

X-ray condition

Method of stress
measurement

Table 2. Test Conditions of X-rays.

The measurement of elastic constants by
X-rays was carried out according to the method
which had been fully explained in the previous
papers. ggeral mechanical tensile stresses were
given to the specimen, and at everystage of

stress the straight line of slope expressing the

relation of lattice strain to sin2¢ was determi-

ned.
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Photo. 2. One Example of Diffraction Patterns and
Micro-Phctometer Curves (by CoKa; Beam)

Based on the results, 0c/0 sin%) versus stress
was drawn. From the slopes of these curves,
the elastict consant 1+y/E were calculated for
each material. The applied stresses and residual
stresses were determined by the sin? method,
The X-ray beams were applied to the center
of the specimen surface in vertical and oblique
incidences, and the values of cosecf¢ were obt-
ained from the measurement of radii of diffra-
ction rings. Then the stresses were calculated

from the elastic formula.

(4) Observation of Micro-Structure with Opti-
cal and Electron Micro-Scopes

In connection with the measurements of ela-
stic constants and residual stresses, the authors
observed the micro-structure of the plastically
deformed plate specimen of 6-4 brass. Several
plastic stretchings were given to the electro
polished 6-4 brass, and at every stage of defo-

rmation, the appearance and growth of slip ba-
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nds on the specimen surface were observed with
an optical microscope under the magnification
of 600 times. The boundary line between a-and
B-phase was observed also by the two stage
leplica method with an electron microscope of
10 A resolving power.

3. Experimental Results

Several tensile stresses were given to the sp-
cimens of 7-3 brass, and at every stage of str-
eess the lattice spacing was calculated from the
(400) diffraction lines obtained by CoKa,; bea-

(a)
f ! |
10340 |~ "m=°j’\/"’ IO%
10335 |= R
z =0K8/mat
1
Om =4.0Ik‘5'/,.,,2

10335 =

1,0330

10340

10335

Cosec G

10335

1,0330

0 0.25 0.50

ms. This test was carried out on the annealed
as well as the plastically deformed specimens.

Fig. 2 shows the cosec ¢ versus sin% relation
plotted from the results obtained on the annea-
led and the plastically stretched (the strain of
e=1% and 5%) specimens. As is apparent in
the figure, a nearly exact linear relationship is
seen to hold in every case. At the initial state
of the annealed specimen, the stress free cond-
ition is clearly seen. On the other hand, the
compressive residual stresses are seen to exist
in the initial state of the plastically stretched

7 — 3 Brass a phase Coka, (400) (b)
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Fig. 2. Cosecfly-sin2¢ Relations for annealed and Extended 7-3 Brass,
Mechanically stressed in the Range of O to 12 Kg/mm2.
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Fig. 3. Cosecfp-sin2) Relations for Annealed 6-4 Brass, Mechanically

Stressed on the Range of O to 12 Kg/mm2,

specimen, judging from the inclination of the
linear relationships.

Figs 3 (a) and 4 (a) show similar results
obtained from the «-phase of 6-4 brass, Fig. 3
(a) indicatets the cosec f¢ -sin?¢ linear relati-
on obained from the (400) diffraction line for
a-phase of the annealed specimen. In the case
of also, an almost exact linear relationship is
seen to hold. The slopes of these lines are la-
rger in proportion to the increase in applied
stress. Fig. 4 (a) show the results on the spe-

cimen that was given the plastic stretching of

1 %.

The elastic constant measured by the X-ray
method was compared with those measured
mechanically. As an example, Fig. 5 show the
results obtained on the a-phase of annealed
specimen of 6-4 brass. As is shown in Fig. 5,
from the slopes of the lattice strain (cosec 6¢)
versus sin’p diagram for several applied stres-
ses, 0¢/0 sin?) versus stress curve was drawn
by using the method of least square. From these
slopes the elastic constant 14-y/E were calcul-
ated for each material. The value obtained in
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d¢/osin2) Versus Stress, Curve foranneled 6-4 Brass.

-4 Brass, Mechanically
Stressed on the Range of O to 12 Kg/mm2,

this experiment was 1+y/E=15140.10 x10~*
mm?/Kg. On the other hand, the mechanical

elastic constant E was measured by the horizo-
ntal type tensile testing machine and the diffe-

rential transformer already menti-
oned.

An example of these results are
shown in Fig. 6. However, for po-
isson’s ratio the value of 0.35, con-
ventionally used in the hand book
was adopted. Similer experiments
were carried out on the annealed
specimen of 7-3 brass and another
plastically deformed specimens of
both brasses, and these are listed
in Table 3. The error bands of
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1+v/E
(mm!/Kgx10-%)
f;fhg’s?s €=0% | 1.51%0.10
;.'\ " =19, 1.52+0.10
3 " €=50% | 1.51£0.10
b —
L_pilf;;“s €=0% 1.5140.10
§ " e=19% 1.514+0.10
[
3 " £=59% 1.5140.15
&
Mechanical Values 1.51%0.15
Table 3. Elastic Constants for hte
«-Phase of 7—3 and 6—4
O 1 1 1 4 Brasses Measured by X-ray
0 5 10 15 20 X107 and Mechanical Method.

strain & %

Fig. 6.

An Example of Mechanically Measured Stress Strain Curve for Annealed 6-4 Brass.

8.0
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X - ray Stress Change

12,0p= 6—4 Brass a—Phase — 7—3 Brass a—phase
Cokay Coka,
| &0 % e=09
l l | l L
0 4.0 8.0 120 0 4.0 8.0 12.0

Mechanical Stress Change
(kg /mn’ )

Fig. 7.

Correlation X-ray to Mechanical Stress Measurement for

Annealed and Stretched Specimens of 7-3 and 6-4 Brass.

measured values are also shown in the tabel.
As is seen in the table, a fairly good agree ent
holds between the two values obtained by X-
rays and mechanical means for both materials,
irrespectively ofthe plastic deformation given. It
seems that the residual lattice strains have no
influence on the values of elastic constants me-
asured in the elastic range.

Based on the above experimental results, the

correlation of X-ray stresses to the mechancially

induced sorts was examined. Fig. 7 shows this
correspondency, in which X-ray stresses were
taken as the measured values minus initial re-
sidual stress. In The figure, a good linear rela-
tion is found to hold.

Tigs 3(b) and 4(b) indicate the cosec 04—
sin?p linear relation obtained from the (310)
diffraction lines for B-phases of the annealed
and 1% plastically stretched specimens. In this

case also, almost exact linear relationship is seen
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1+v/E
6—4 Brass S—
v 30k 0% s A= Phase (mm?/Kgx10-%)
=) €=0% 6—4 Brass __
S o ohase . €=0% 1.9840.10
;{ 20 - ” e=19, 1.98+0.10
5) " £=5% 1.98+0.16
@
~ 10 m=1.98X10"* pu? Calculated Value
a w'/kg by single crystals 2.28
d/ i 1 Table 4. Elastic Constants by X-ray
0 4 8 12 16 Method for the @8-Phase of
6—4 B .
Applied Stress O (kg /mm? ) s
Fig. 8. Ae/5sin2) Versus Stress Relation for f-Phase of Annealed 6-4 Brass.

to hold. Fig. 8 and Table 4 show the results
of elastic constants measured by X-rays on the
B-phase of 6-4 brass. Fig. 8 show 8¢/8 sin%)
versus stress curve for the annealed specimen.

In the case of value was 1-+4y/E=1.98+0.10
X 10~*mm?/Kg. Similar experiments were carr-
ied out on another plastically deformed specim-

ens. The results are summarized in Table 4. In

a -phase

(400)

6-4 Brass
Co Ka;

0340 T
1. 1

1.0330p

69

1.0340

cosec

the table a considerable discrepancy is seen be-
tween the X-ray and the mechanical value, the
former being fairly smaller than the later, The
residual stresses were measured on the surface
of plastically stretching 6-4 brass specimens
Fig. 9 shows was given the results of the ex-
periments on the specimens to which the plastic

stretching was given respectively of 1% and 5%.
64 Brass G-phase
Co Kay (310)

1,0426¢

1.0416} Ox=+T.1kg 0

1.04261

Oy =149 2
1.0330( *=+2.8 Ko’ |
1.04161 N N
+ + o+
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» » W @
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Eig. 9. Example of the Results for Residual Stress Measuremens

at the Surface of Annealed and Extended 6-4 Brass.
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(b) 195 stretching (x360)

(¢) 59 stretching

Photo. 3. Microscopic Structures of Annealed and
Stretched Specimen of 6-4 Brass.

P oto. 4.

a—phase

(b) 59 stretching (x20000)

Electron Microscopic Structures of
Annealed and Strretchd Specimens
of 6-4 Brass.

It is worthy of note that compressive residual
stresses exist in a-phase, on the contrary, ten-
sile residuals tresses in B-phase in both cases
of plastic deformation.

In connection with the above experiments,
the authors made observation of micro-structure
of plastically deformed 6-4 brass specimens. So-
me examples of the results are shown in photo
3. The test condition and the magnification are
shown in the photographs. As is seen in the
photographs, slip bands are observed only in
the region of a-phase, which undergoes plastic
deformation preferentially. Moreover, it is found
that the slip bands show the tendency of enlarge-
ment, proportionately to the increase in plastic
deformation. On the amount of plastic defomation
is increased. The region near the boundary
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between a-and -phases was also observed by
an electron microscope, and the results are
shown in Photo. 4. In these photogrphs also,
deformations are seen only in the domain of
a-phase.

4. Summaries and Conclusions

The authors carried out, as mentioned above,
the experiments of measuring the elastic cons
tants of brass 7-3 and 6-4 as well as the residual
stresses in a-and B-phases of plastically defo-
rmed 6-4 brass, From the results of the experi-
ments the following summaries and conclusions
may bo drawn.

The elastic constants of a-phase were
compared in brass doth 7-3 and 6-4 as is
seen in the Table 3, and their values in both
cases are found in good agreement within
neglible small errors, and show a good
correspondency to those measured mechanically.
Generally, the metallic materials for industrial
use are of polycrystalline structure, and
the average of lattice strains distributed inho-

mogeneously in polycrystalline materials is me-

asured by the X-ray method. In the case of br-
ass 7-3 and 6-4 used in this experiment, it se-
ems that a-phase is mainly associated with de
formation. In both materials, §-phase is in a
low volume ratio to a-phase. Therefore, the la-
ttice strains in a-phase measured by the X-ray
technique will be little influenced by the exist-
ence of B-phase, being included in the error
bands of measurement. In consequence, the
values of elastic constants of a-phase were
were in good agreement between the brass 7-
3 and 6-4. The above experimental results co-
rrespond fairly well with those obtained previo-
usly by the authors on various carbon steels
Consequently, in two phase alloys such as brass
the elastic constants obtained by measuring the
lattice strains in a-phase seem to give good
correspondency to mechanical sorts.

On the other hand, as is seen in Fig. 8 and
Table 4, for §-phase of 6-4 brass the values of
elastic constants obtained by the X-ray method

show a little discrepancy to the mechanical val-
ues. In these materials, crystal structure and

yield stress of B-phase differ from those of the
matrix. Morever different lattice plane is to be
measured by X-rays. All these con-

201 6~4Brass B—Phase

CoKa;. (310)

§) E=0%
G ~ 8‘0

2 B

£S

wn, #

P

>t .

ditions, with different lattice strains
in phases a@and 3, have come to make
different elastic constants be shown.

As to polycrystalline materials, Voigt
and Reuss propose the method of
X-ray measurement of lastic conétants
based on that of a single crystal. The
values of both a~and @S-phases have
been calculated according to the Reuss

formula by investigators in general.

0. 4.0 8.0

Mechanical "Stress Change
(ke/ nn?)

Fig. 10. Correlation on X-ray to Mechaical Stress Measureme
for Annealed and Stretched Specs of 6-4 Banimsers.

12.0

However, the Reuss formula is based
theoretically on the assumption that
stresses are uniformly distributed over
all crystals. On this assumption the
streeses are measured dependent on
the average values of local strains,
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while the latter are bistributed qractically hete-
Togeneously in polycrystalline material. It is
required for the X-ray stress measurement
‘therefore, that the values of elastic constants
obtained based on the s:rains in polycrystalline
materials will be used. Fig. 10 shows the
correlation of mechanically induced stresses to
the stresses obtained by using the elastic
constants measured in this experiment and
those obtained from the elastic constants cal-
culated according to the Reuss formula. As
is seen in the figure, the formar is in fairly
good agreement with the mechaniaally induced
stresses, while the latter shows a little diverg-
ence, being about 15% smaller than the mecha-
nical value,

On the surface of the plastically beformed
specimens of 6-4 brass compessive and tensile
residual stresses, were found to exist in
a-phase and [S-phase, respectively. On the
hand, by

surface, the authors noticed the appearance

other observing the specimen
of plastic deformation (slip bands.) only in
a-phase. It seems that this phenomenon is
due to the difference in the strength and yield
stress of both phases. In these metallic materi-
als, the generation of residual stresses may be
considered as follows. On removing the load
after some plastic stretching was given to the
specimen, a-phase crystals will remain as def-
ormed. On the other hand, B-phase crystals
may be unable to recover the initial elastic state

due to the constraint from plastically deformed
a-phase crystals. Consequently, it is thought
that compressive residual stresses are generated
ina-phase, and tensile residual stresses in §-
phase crystals for counterbalance. The authors
are confident that the above-mentioned pheno-
mena are possible of exposition in the near
future.

It is considered that the experimental results
and various phenomena as above-mentioned
are the characteristic properties of two phase
alloys. The author have it in vieiw to investi-

gte these problems further.
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In mitochondria free energy produced by
transferring electron from substrate to oxygen
will mainly be transduced to ATP formation.
ATP may furnish energy for the synthesis and
translocation of various substances in the cell
as well as in mitochondrion itself. Of course,
as is generally understood, the essential energy
source is not ATP but the high energy inter-
mediate which will be produced in the way of
ATP formation or degradation of ATP.? But
no theoretical explanation has yet beesn given
to the mechanism of transduction of free energy
to the energy of ATP formation or othe: che
mical,*-!° physical and mechanochemical react-
ion!!, Therefore, we have tried to analyse the-
oretically the biological energy transducing me-
chanism in physical term by which the various
known biochemical processes may be arranged
on the theoretical basement. Besides this, unk-
nown possible biological reactions to be linked
to energy metabolism may be postulated throu-
gh such a consideration.

In this paper the results obtained by physic-
al analysis of the energy transducing reaction
in mitochondria are reported.

According to the present concept of respira-
tory chain in mitochondria every pair of elect-
rons is transferred from a member of Krebs
citric acid cycle to molecule of oxygen under
aerobic condition, in the course of which three
molecules of ATP in average are synthesized

from ADP and inorganic phosphate (Pi); mea-
ning that the P/O ratio is 3.0.3 On the other
hand, in the case of the breakdown of substrate,
e. g. pyruvate to CO, and H,0, the process can
be represented by the following equation:
CH;COCOOH+515 O;+H+ —>3C0,+2H,0
4G’ = —273.1 Kcal That is, 5 atoms of oxygen
are required for the completion of the reaction.
The free energy is calculated as —273.1 Kcal®2.
As the P/O ratio is 3.0, 15 molecules of ATP
are formed on the way to the termination of
the reaction. That is: .
15H++15pi+15ADP—>15ATP+15H,0

4G’ = —104. 8 Kcal.

In this case, free energy is calculated as —10
4.8 Kcal. Therefore, the over-all reaction for the
oxidation of pyruvate to CQOzand H,O is prese-
nted by the following equation:
CH,;COCOOH+15 Pi+15ADP+515 O,+15H+
—3>3C0,;+15ATP+17H,0 4G’ = —168 Kcal.
Free energy is —163 Kcal. Then the efficiency
of ATP formation by using free energy is 38
per cent.

As for the aerobic phosphorylation, it occurs
during the electron transfer from primary deh-
ydrogenase to molecular oxygen via the electron
carriers arranged in the respiratory chain, such
as nicotinamide adenine dinucleotide (NAD),
flavoprotein (Fd and Fs) and cytochromes. The
4Ey between NADH; and molecular oxygen is
1. 14 volt (Ey of the oxygen is +820 mv and

»
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E, of NADH, is —320 mv). Then the 4G’ of
the transfer of a pair of electrons from NADH,
to molecular oxygen is approximately 52.040
cal/mol, as is calculated from the equation of
4G’ = —n F 4E .12 As the formation of one
molecule of ATP requires an input of 7,000
cal,’? 7 molecules of ATP should be generated
theoretically during the transfer of a pair of
electrons from NADH; to oxygen. As mentio-
ned above, however, the P/O ratio measured

by many investigators is nearly 3.0, then the

efficiency is calculated as nearly 43 per cent,
and some loss in energy may be in the actual
reaction. 4E," equivalent to one “~P” is 0.16
volt. Consequently, the possible sites of phosp-
horylation in the electron transport pathway
on the respiratory chain can be reasonably de-
duced from the difference in redox potential
between two neighboring components (A, B and
C or D in Fig. 1). The first site is NADH,—
fravoprotein, the second site cyt. b—cyt, ¢, and
third site cyta—cytas or cytaz—150; These

NADH 2 <—->Fd<—>cyt,b<——>cy.c1e—>cyt.c.<——>cyt.a<—>cyt.aa<—>% 0,

B

‘ A l |
|
!

E 0 go1t)—0.32

—0.12 —0.04 +0.2 +0.26 +0.29

T .
C D

+0.82

Fig. 1 Possible sites of phosphorylation in the electron transfer pathway on the respiratory

chain.

theoretically deduced possible coupling sites of
ATP formation to the electron transfer chain
coincide partially with those proposed by Cuance
and WiLLiams!® from their spectrophotometric

investigation (Fig. 2). They postualted that the
third coupling site of phosphorylation is cyt.c—
cyt.a. But the value of 4E, indicates the cyt.

a-cyt. a3 as a possible site.

NAD HQTFd—cyt. bTCthl<—>cyt. c<—>cyt.aTcyt. as<—=1/ 20,

—~ P~

phosphorylation ‘bsite 1 Sitt 2
| pi | i
~P ~P
|ADP | ADP
ATP ATP

~

site 3
L Pi
~P
lADP
ATP

Fig. 2 Diagrammatical representation of phosphorylation sites in mitochondria.

As for the mechanism of ATP formation (F
ig. 2) it is postulated by biochemical analysis
that the free energy produced by the electron
transfer from NADH, to molecular oxygen is
transduced to the chemical bonding energy as
represented by the following equation:
Carrierrea +X + Oxidant

~—>Carriercx~ X+Reductate------ ¢))

Carrier,z~X+Pi
——>Carrierog+X~P e (2
P~X+4ADP —>ATP+X  ceeeee 3

Here X is the energy coupling vehicle. Carrier
is the electron carrier such as NADH,, cytchr-
omes b and a, ox: oxidated form, red: reduced
form. In these reactions, X forms a high energy

compound combining with the electron carrier
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SD ! E» =0.79volt
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(3)Fs

(4)eyt. b
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(8)cyt. as (9)oxyg‘en

(5)1)'1- Ct

(6lcyt. ¢

(Tleyt. a.

(2)Fd

{1)NADH,

NADHQD : 1.14volt

1|
|| ]

Fig. 3 Diagrammatical drawing of a circuit analog to the energy transducing reaction coupled
to the respiratory chain of mitochondria.

— |

in the course of electron transfer, Carriersx~X.
Then the high energy (~) is transferred to
phosphate forming P~X (a high energy phos-
phate compound) which in turn donates phos-
phorus to ADP, Carrierox~X or P~X is a co-
mmon intermediate to the formation or the de-
gradation of ATP and it will be a direct cnergy
source for the mechanochemical reaction and/or

the active ion accumulation as well as for the
ATP formation.

Now if we suppose the case where succinate
is used as energy source, the diagram presented
in Fig. 2 may be indicated as that in Fig. 3 in
the term of physics by the theory of circuit
analog analysis of physical phenomena,*~* as
electron flow can be understood as an electric
current.

As itis well known, in the electron transfer
chain of mitochondria the electrons are transf-
erred from NADH, to oxygen or Fs to oxygen.
E, of succinate’~ / fumarate?~ is -+ 0,03 volt.
Then the succinoxidase system (E;) can be
postulated as a battery of 0.79 volt. Primary
dehydrogenase is consisted of iso-citric dehydr-
ogenase (Ey’ of isocitrate®~/ oxalosuccinate®~ =

—0. 30 volt), a-ketoglutaric dehydrogenase (Ey’

hattery, corresponds to dehydrogenase.
impedance corresponds to electron carrier.
4 terminal black boxes correspond to coupling factor.

of a-ketoglutarate* / succinyl'~ CoA= —0,50
volt), malic dehydrogenase (E,’ of malate’~/
oxaloactate?~ = —0, 30 volt), glutamic dehydro-
genase (E; of glutamate!~/ a-ketoglutarate?~ =
—0.12 volt) and B-hydroxybutyric dehydrogen-
ase (B-hydroxybutyrate!=/ acetoacetate!~ = —
0. 35 volt) can reduce NAD to NADH;*? Ther-
efore, primary dehydrogenase complex can be
represented by NADH oxidase system.

In the respiratory chain, electric current will
run against the direction of electron transfer.
Each individual components cyt. a3, a, b, ¢ and
¢1, and fravoprotein can be represented as im-
pedance, because the redox potential of various
electric carriers is gradually increased from
NADH; or Fs to oxygen. The energy preserved
in the high energy compound which is formed
by the transduction of free energy produced by
respiration, transforms itself into the chemic
al,*-* physical and mechanical energies. It cor-
responds to the black box in physics, i e. the
theoretical energy transducing machine in phy-
sical terms. Accordingly, by the use of termin-
ology of circuit theory the electron transfer sys-
tem and the oxidative phosphrylation can be
presented as an electron circuit being cascaded
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Fig. 4 Representaiton of a possilble connection among 4-terrninal black boxes as energy

transducing reaction.

by several black boxes. The oxidative phosph-
orylation can be demonstrated as cascade or
tandem connection among the several 4-terminal
black boxes in the circuit analog as shown in
Fig. 3. The coupling mechanism is indicated by
the casade between two 4-terminal black boxes,
whose terminals have specific degree of freedom
different in opposite site.'® Thus the cascades
among the black boxes as coupling factors (X)
are illustrated in Fig. 4 in detail. In this circuit
electrical freedoms, v(potential) and q(electric-
charge) can be transduced by black box I to
thermal freedoms,T(absolute temperature) and
S(entropy). If the fundamenial matrix (F-matrix)
of 4-terminal black boxes is denoted by(é%),

the following equation of matrix is obtained:
4V\ _ (AB\ (4T
(%) - (cp) (s)
where, A, B, C and D are matrix elements.
According to the circuit theory,!® the reciprocity

theorem is denoted by the following determin-

ant.
&

Thus, we obtain v _ 4S 49

AT T Tdq T Tdq
mal energy. This equation is nothing but the

Q: ther-

Gibbs-Helmoltz equation. That means the cons-
traint condition between the thermal and electric
phenomena. Here the thermal freedoms T and

S are transducible to many reactions e.g. che-

mical, hydrodynamical, electrical and electro-ma-
gnetical reactions. Thus the further transduction
of the energy given by black box I may be
presented by the black boxes I, I, ------
That is, by black box I; the thermal freedoms
T and S are transduced to chemical freedoms
2 (chemical potential) and N (concentration), by
black box I, to force and displacement, by black
box I3 to pressure and volume and so on. In
the case of black box I,, the following equation

can be obtained as in the case of black box I.

AT=A1B1 A/l H AB\=
(45)=(EB1)(2K), Assuming that(@ipt)=1,
the following equation is obtained.

4 _ 4N

= s e @)

This equation corresponds to the law of Van't
Voff or one ot Arrehenius, and means that the
constraint condition of the changes in chemical
equilibrium by the changed temperature and it
means ATP formation in mitochondria.

In the black boxes I,_, the thermal freedoms
T and S are transferred to mechanical freedoms
F (force) and X (displacement), or P (pressu-
re) and V (volume) and/or M (torque moment

of force) and Q (angular). Assuming that

‘é:g;" = 1..-, the following equation is obtained,
as in the former case.
aT 48 4P 45
F= YX— s (Iz) or AT= W"' (13) and/or
AM 48
S )
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from black boxes I, I3 and I, respectively. The
equation I, means mechanochemical changesi!
in mitochondria, I; volume ehange!! and I, un-
known but possible changes in mitochondria.?!

In the black box I;, the thermal freedoms T
and S are transferred to hydrodynamical freed-
oms EP (Ionization pressure) and C™! (concen-
tration) and we reduces the following equation.

4EP 45
= (s

This equation corresponds to the equation for
osmotic pressure and means the active transpo-
rt in mitochondria’.

Furthermore, the thermal freedoms T and S
are transferred to electromagnitic freedoms E
(electric field) and D (electric displacement)
by black box Iz and v and q by black box I
and following epuations are obtained. ’

4E 48 4av 4S
=y (Ie) IT="dq ceeeen(Ly)

These equations correspond to the law of Gibbs-
Helmholtz or Onsager’s reciprocity, and means
the possible fluorescence or vectral property of
membrane?? of mitochondria by Is and the rev-
ersal electron transfer by (I;).1

By the black box I; the thermal freedoms T
and S are tranferred to magnetic freedoms H
(magnetic field) and J (magnetic intensity) and
the following equation is obtained.

a0y

This equation means the DeBye-Jork equation.
The similar theoretical consideration can be ap-
plied to the system II to II;, IIy------ II3 and III
to III;, ----- 1II,.

SUMMARY

As is generally known, the energy transduci-
ng reaction in mitochondria is of highly comp-
licated one. Free energy produced by transfer-
ring electrons from substrate to oxygen, where
many dehydrogenases and respiratory chain of

mitochondria are concerned, is transduced to

ATP formation or utilized for the ion accmul-
ation reaction, synthesis of various substances,
reversal electron transport and the mechanoch-
emical changes of mitochondria. The mechani-
sm of these energy trasducing reactions which
is supposed to be closely related with each other,
has not yet been clarified. The authors tried to
solve these biological energy transducing mec-
hanism by applying physical circuit theory in
electronics and elucidate that the energy trans-
duction occurring in mitochondria can be expl-
ained theoretically. And some unknown but
possible reaction have been postulated from

such a physical consideration.
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Damage by Snow of Trolly Wire of Electric Railway.
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Sadao WATANABE
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<{ & > The following abbreviations are used throughout:

FN : Frank Norris
BET : Boston Evening Transcript

FNW : Frank Norris of “The Wave”, Introduction by Oscar Lewis (San Francisco : The Westgate

Press, 1931)

RN : The Responsibilities of The Novelist

(New York Doubleday Page & Company, 1903)

1. a. FN, FN' Weekly Letter Chicago American, Aug.3, 1901, p. 5.
b. FN, Zola as a Romantic Writer, Wave, XV (June 27,1896), 3.Unsigned.

2. FN, A Plea for Romantic Fiction,

BET, Dec.18,1901,p.14. Republished in RN.

3. a. FN, Ibid.

b. FN, The True Reward of the Novelist, World’s Work, I (Oct.,1901),1337—394.Republished in RN.
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4. FN, Perverted Tales, Wave, XVI (Dec.18,1897), 5—7. Parodies of Kipling, Crane, Harte, Davis,
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6. Donald Pizer ed.,

The Literary Criticism of FN (Univ. of Texas Press, 1964), p.xxiv.

7. a. Goseph M.Backus, Gelett Burgess (Ph.D. dissertation, Univ. of California, 1961)
b. Franklin Walker, FN A Biography (New York, Russell & Russell, 1963); p.129.

8. Ibid., p.168.
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b. Walker, op.cit.,pp.83—4.
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WILLIAM JAMES AND HIS IDEAS
(1)

Hirotake

Summary

James developed his ideas, like many American
thinkers, in close connection with European thinkers.

Due to his father’s peculiar education in his child-
hood, he lived his life as a cosmopolitan. His ideas
were, in their formation, intimately related with
natural science and philosophy of Europe, such as
those of Germany, France and England.

Therefore in order to understand the ideas of
William James, it is indispensable to know his
personality and life-history, and at the same time,
to trace the background of his thought.

He started as a trained scientist, but the pure
objective and disinterested research of science did not
satisfy his mind. His concerns were wide spread in
various fields: in positive natural science, in aes-
thetics, in philosophy, in religion and in others. His
flexible mind was never tired of absorbing new ideas
one after another, which became mental pabulum
of his thoughts.

His greatest interest lay, in a word, in clarifying
the variety and dynamics of reality which can be
ascertained by the concrete and direct experience of
it, and in defending the freedom and subjectivity
of human mind against mechanical determinism and
monism (both idealistic and materialistic) which were
main European thoughts at that time.

Pragmatism conceived by James is not a theory
of meaning as Peirce insisted, but likewise a theory
of truth. In introducing a reference to satisfaction,
expediency, practicability and also instrumentality in
his definition of truth, James expanded the Peirce’s
original meanings of pragmatism. An idea is true
when it works, and an idea works when it leads to
satisfactory outcomes. Thus a therapeutic concern
predominated over his whole works.

TAKITA

William James, the founder of Pragmatism
and the first scientific psychologist, was born in
New York on 11 January 1894, He was the
eldest of five children, and Henry, a famous
novelist, was his brother. His father, Henry
James the elder, had a powerful influence on
his children.

Henry James the elder, born in Albany in
1811, was brought up in a Calvinistic, Presby-
terian atmosphere. At the age of thirteen, he
became lame by attempting to stamp out the
fire and being burned while experimenitng in the
Albany Institute why flame or smoke always
mounts upward. He entered Princeton The-
ological Seminary with the intention of being a
minister, but withdrew three years later because
of his divergence of religious opinion. Then
through the rest of his life he led the life of a
gentleman of leisure, reading, travelling, and
visiting and coresponding with friends, among
whom were Emerson, Carlyle and other famous
men of his day. At the age of thirty-five he saw
«he light’ coming to him from Swedenborg and
Fourier. From the time on he devoted himself
to the study of Swedenborg. But he was, in
his nature, a critic in every point; it was to him
only a stuff of his speculation.

He may bave been eccentric, but he had the
tolerance and the enthusiasm for ideas. He was
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good at speech, full-blooded and his speech was
attractive though rather exaggerate in his writ-
ings. In his family he was almost a perfect,
affectionate father; his five children were high-
spirited and argumentative. He believed firmly
that children should think for themselves and
that they should form their views in the mutual
intellectual combat.

In spite of his bodily trouble, he often took
his children abroard; James traveled to Europe
with his family at the age of two years and a
half for the first time, then in 1855 his father,
unsatisfied with American schools, decided to
take all his children to Europe, thus ‘allowing
them to absorb French and German and get a
better sensuous education’. So in about five
years James attended educational establishments
in Paris, Boulogne, Rhode Island, Geneva and
Bonn, which resulted in a sort of his inferiority
complex, that is, his dislike of logic and mathe-~
matics. But he could speak French fluently
and German pretty well, and what was more
important, he had been a man of the world.
While in Europe, James had intended to be a
painter for a time. Though his father thought
it deplorable, the family returned to America
that he might study under ths artist, W.M.
Hunter. But in less than a year, he gave it up
thinking that there was nothing on earth more
deplorable than a bad artist. In Autumn of 18
61 he became student of chemistry at thé Law-
rence Scientific School at Harvard. After a
year of the study of chemistry there with con-
siderable interest, he transferred to the Depart-
ment of Comparative Anatomy and Physiology,
largely through the influence of the lecture on
Natural History by Professor Louis Agassiz.

James was now twenty-one and the choice
of profession was becoming ardent. He should
like to have studied Natural Science, but with
consideration for his future income, he decided
to study medicine. So he entered the Harvard

Medical School, but he had no idea of being
a practical doctor in spite of his deep interest
in physiology of the nervous system. The fol-
lowing year, Professor Agassiz was to lead a
party of field naturalists on an expedition up
the Amazon River,and James joined the party.
But he wrote to his family on the way there:
“If there is anything I hate it is collecting, I

don't think it suited to my genius at all,---”®

Furthermore, his illness on the way left him
weak and exhausted, and for a time, made it
impossible for him to read or to use his eyes.
He ‘longed to be back to books, studies, etc.,
after this elementary existence.’® He realized
that he preferred philosophical speculation to
collecting.

James resumed his medical studies in March
1866 but shortly after starting on an internship
he suffered from various diseases, such as in-
somnia, digestive disorders and etc., whose main
cause was probably emotional, as was seen in
other members in his family.

To take medical treatment at some spa in
Europe he set off in the spring of 1867 and
stayed there for two years, mainly in Germany,
which was at that time in advance of the world
in the physiology of the nervous system he was
interested in. His lonely life there was not suit-
ed for the suffering from depression. He even
thought of suicide for a time. He often wrote
many letters to his family, in which he adopted
a deliberatedly light-hearted tone, to avoid
causing anxiety.

James remained, however, interested in the
physiology of the nervous system. He mentioned
in a letter to Tom Ward: “Perhaps the time
has come for psychology to begin to be a sci-
ence---some measurements have already been
made in the region lying between the physical
changes in the nerves and the appearance of
(in the

perceptions), and more may come of it.”®

consciousness-at shape of sense
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In November 1863, in spite of little improve-
ment of his physical condition, James returned
to America, studied his medical ' course once
more, and in 1869 became William :James, M.D.

But his ‘troubles were by no means over; for
the next three years James remained at home,
without ‘ doing any regular work. He entered
the decade of his spiritual crises. He suffered
from his abnormal mentality, as shown in his
experience described later in the chapter on ‘The
Sick Soul’ in the Varieties of Religious Exte-
rience. It was then that James got acquaintance
with Renouvier. He was fascinated by his phi.
losophy and absorbed in reading his works.

James recovered from such a seriously mor-
bid condition without psychiatric assistance. He
recovered his health both bodily and spiritually
well enough to think of regular work. The Pre-
sident of Harvard University was C. W. Eliot,
then, who had been James's instructor in chem-
istry at the Lawrence Scientific School, offer-
ed the post of Instructor in philosophy at
Harvard, which happened to be vacant. James
thought it was a noble thing for one’s spirits
to have some responsible work to do. He was
much interested in the vocation of teaching.
The students were also charmed by his lecture.
The next spring his post became parmanent
with the addition of a course in -Anatomy. In
spite of his continual interest in philosophy,
James thought that philosophical activity as a
business was not normal for most men and not
for him, and accepted this post. After staying
in Europe for five months, in 1876, he founded
the first laboratory for experimental psychology
in the United States, whose post James, who
had felt himself unsuitable for the experiment,
offered later to Miinsterberg, the ablest young
German experimental psychologist.

In 1876 James got acquaintance with Miss
Alice. B. Gibbens through the introduction by
his friend, Thomas David, and they were mar-

ried in July 1876. James was happy with Mrs.
James, who was not only a good wife but was
really sympathetic with her hasband’s character
and work, and yet, in a sense, his protector,
therefore he felt that in her absence he was
‘deprived of the wonted ear into which to pour
all his observations, aphorisms, wishes and
complaints.’®

Meanwhile James continued to work at his
laborious composition of the psychology at
Harvard. He was easily fatizued because of his
ill-health, and his repining and occasional back-
sliding. In 1882 James went abroad for seven
months partly for the purpose of obtaining an
opportunity for the uninterrupted writing of his
book.

But the progress of the work was very slow,
owing to his limited time and the difficulty of
the work. Having undertaken the extension and
revision of existing psychological knowledge
against the resistance of other philosophers,
James did compose a systematic work on psy-
chology, make observations, search out accept-
able hypotheses, and wage a vigorous polemi-
cal warfare. In 1884 the famous ‘James-Lange
theory’ of emotion was published. Thereafter
his writings went smoothly and finished writing
The Principles of Psychology in the spring of
1890.

His Principles of Psychology was successful
and influential. It was so widely read not only
by other psychologists but by all sorts of peo-
ple, including laymen, and rich in concrete il-
lustrations and curious. The Rewvue Philoso-
phique described it as ‘une oevre glorieuse’, and
Stanley Hall admired it as ‘on the whole the
best work (on this subject) in any language’.
But all the readers did not admire it. It was
unusual for a book of science. Some said that
there was something trifling unseemly in the
brilliance of the style; some commented on its

lack of rigor and system.
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Of James's psychological doctrins the most
influential were probably the ‘stream of thought’
and the ‘theory of emotion’; in the former,
he wrote, most books adopt the so-called syn-
thetic method, regarding ‘simple ideas of sensa-
tion’ as so many atoms. But it commits one
beforehand to the very questionable theory that
our higher states of consciousness are com-
pounds of units. Consciousness is continuous,
including ‘transitive’ as well as ‘substantive’
states and it has, besides a focus, a fringe,
which is a vague and sliding stream of impres-
sions and sensations at the periphery. When
some of them overlap one another, experience
of ‘transition’ is to be explained. In the latter
the emotion is the perception of certain bodily
changes and the bodily changes do not take
place as the result of the emotion. ‘Common-
sense says, we lose our fortune, are sorry and
weep--- we are insulted by a rival, are angry
and strike; but the more rational statement is
that we feel sorry because we cry, and angry
because we strike.’

James’s Principles is so voluminous that it
was not available for students. So two years
after he produced an abridgment —the so-called
Briefer Course, of which two fifths was new or
rewritten— the rest ‘scissors and paste’.

James never considered his Psychology as a
permanent one as seen in a letter to his brother:
“As ‘Psychologies’ go, it is a good one, but
psychology is in such an antescientific condition
that the whole present generation of them is
predestined to become unreadable old mediaeval
lumber, as soon as the first genuine tracks of
insight are made. The sooner the better, for
me!”®

For ten years after the publication of the
Principles and the Briefer Course, his psy-
chological writings were some fifty-five but con-
fined to reviews and articles, and his main

interests turned more and more towards philo-

sophy. .

His first philosophical thesis appeared in The
Will to Believe, published in 1897, and in an
article entitled Philosophical Conceptions and
Practical Results published a year later. In
1907 it got to its final culmination in Pragma-
tism— a book, with which James gave satisfac-
tion.

In 1897, James wrote to Stumpf: “I fear I am
ceasing to be a psychologist and becoming ex-
clusively a moralist and a metaphysician.”® At
that time the Spanish War ‘and the Dreyfus
case broke out, both of which deeply stirred his
moral emotions. Feeling the need of a saving
gospel, he wrote a few essays, whose doctrines
dealt with fideism, with individualism, and with
pluralism. The Will to Believe was the volume
made upon these ten articles and addresses, in
which he described his philosophy as follows:
“Were I obliged to give a short name to
the attitude in question, I should call it that of
radical empiricism,--- I say ‘empiricism’, because
it is contented to regard its most assured con-
clusions concerning matters of fact as hypothe-
ses liable to modification in the course of future
experience; and I say ‘radical’, because it treats
the doctrine of monism itself as an hypothesis,
and, unlike so much of the half-way empiricism
that is current under the name of positivism of
agnosticism or scientific naturalism, it does not
dogmatically affirm monism as something with
which all experience has got to square.”®

In 1902 James was selected to deliver some
lectures at Edinburgh under the auspices. of the
Gifford Trust, with the result of publishing The
Varieties of Religious Experience. His chief
aim in these lectures was to give ‘a descriptive
survey of man’s religious propensities’.®

At once he begau to collect materials, but in
the summer of 1898 after the strain of ten hours
and a half of hard walking with a pack in the
Adirondack Mountains, he was attacked by an
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irreparable valvular lesion of his heart. Then in
June 1899 he again ‘got lost in the Adirondacks
and converted what was to have been a ‘walk’
into a thirteen-hours scramble without food and
with anxiety’,® which was to shorten his life
later. So he entered upon a period of invalidism
of his own peculiar sort, Much of his actual
writing was done in bed, at times two or three
hours a day was the maximum of work., After
the unavoidable postponing of the lectures for
a while, the first series began at Edinburgh, on
May 16, 1901.

The lectures were a success, both in the
number and in the interest of the auditers. As
to this thesis, he wrote, in a letter to Miss
“The problem I

have set myself is a hard one: first, to defend---

Frances Morse, as follows :

‘experience’ agains} ‘philosophy’ as being the
real backbone of the world’s religious life--- and
second, to make the hearer or reader believe,
what I myself invincibly do believe, that, al-
though all the special manifestations of religion
may have been absurd (I mean its creeds and
theories), yet the life of it as a whole is man-
kind’s most important function.”®

After suffering from illness at the Adiron-
ducks, he decided to deliever only a half course
at Harvard and indulge himself in systematizing
his philosophy: ‘I want now if possible to write
something serious, systematic, and syllogistic;
I've had enough of squashy popular-lecture
style’.4D

But his speculation was interrupted by various
lectures, such as Gifford, Hibbert and so on,
though their acceptance brought him greater
name. On August 21, 1896, he gave his address
on ‘Philosophical Conceptions and Practical
Results’ at California, as the philosophical
movement to ‘Pragmatism’, which then did not
excite much comment. Thus between 1902 and
1905 the more lectures he gave in various

places, the more firmly he could grasp his funda-

mental principles — pragmatism and radical
empiricism. Between July 1904 and February
1905, he wrote eight new philosophical articles,
which were published after James’s death under
the title of Essays in Radical Empiricism,
and successively in spring and summer of 1905
he delivered a series of five lectures, which
were so successful that he felt them ‘pulling on
his line like one fish’.(® He evidently wanted
to communicate his latest ideas to others with-
out waiting to give them technical or systematic
form. In 1905 after his splendid lecture in France
and the one on Consciousness in Italy, he:
gave a lecture on Pragmatism as Lowell Lectures
at Harvard in 1906, and it was published in
May 1907 as Pragmatism.

James finally retired from university work, in
January 1907, with the intention of passing the
remainder of his days ‘in a different manner,
contemplatively namely, and with leisure and
simplification for the one as my own intellect
has received from the universe’.@® But this
ambitious work he could not fulfill, that is
Some Problems of Philosophy had been unfin-
ished when he died. This was his only work
written for readers, with his intention of ‘aban-
doning the squashy popular-lecture style’, and
writing something ‘serious, systematic and syl-
logistic’.

In 1909 his successful book, A Pluralistic
Universe, was published, which was Hibbert
lectures on ‘The Present Situation on Philoso-
phy’, delivered at Manchester College, Oxford.

But James’s philosophic system remained, as
he himself said, like ‘abridge begun and stop-
ped in the middle of an arch’. In 1910 he lost
his hezalth again. In vain he paid his last visit
to Europe for rest and treatment. On 19 August
James breathed his last at his New Hampshire
home, with Mrs. James and his brother Henry
beside his bed.
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N o oG s w N

I

It is impossible for ideas to develop in iso-
lation from the thought or spirit of the age.
Particularly James who was not only broad
minded but ‘tough’-minded, was never tired of
absorbing new ideas. Without closing his phi-
losophy into a fixed system, he accepted all
knowledge in every field with an opea mind,
and formed his own original ideas. Some ac-
quaintance with his inherited thoughts as well as
the “Geistige Situation” of his age is there-
fore indispensable to understanding his ideas.

James was not a ‘solitary meditator’, but
rather an industrious researcher with a kesn
sensibility to every aspect of reality. Needless to
say, the backgrounds of his ideas are manifold
and various: from the natural sciences to reli-
gion, from German idealism to British empiri-
cism, from his American colleagues to French
thinkers.

Generally speaking we can outline his back-

-ground as follows: Father’s. influence in his early

days. Education in school. Evolutionalism. Visits
in Europe. Renouvier. British empiricism. Berg-
son. Peirce.

James grew up in a household which relished
ideas and in which arguments about them were
made as its normal form of family intercourse.
James’s father was religious, as was mentioned
above, and drew his religious ideas out of the
depths of his. own reflection and personal ex-
perience. James, however, did not accept wholly
his father’s theology. But he respected religious
experiences as worthy of a hearing and as being
data for which philosophy must supply a fitting
hypothesis. He sought his own conclusions in a
different way from his father’s; that is, turning
from the theistic tradition of European philoso-
phy, he found his hypothesis through the studies
of psychology and psychiatry.

Due to his father’s peculiar way of educating
his children, James acquired a taste for cosmo-
politanism and an idiomatic facility in several
languages which give to his thoughts an inter-
national character.

There is no doubt-that he resembles his father
in personal flaver and genius. He wrote, “For
me, the humor, the good spirits, the humanity,
the faith in the divine, and the sense of his
right to have a say about the deepest : reasons
of the universe, are what will stay by me.”®
Like his father he was warm-blooded, efferves-
cent and tenderly affectionate. Both men were
unstable and impatient. Both were men of ex-
treme spontaneity.

Thus his inheritance from father is not so
much in the philosophical ideas as in a frame
of mind religiously oriented and in his attitude
toward life. But this father’s influence decided,
in a sense, his whole spiritual life.

James’s interest in natural science, like his
interest in painting, dated from boyhood. James
devoted himself to the natural sciences, first
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to chemistry, then biology and he was con-
fronted with the Darwinian theory of evolution.
The implications of this conflict with Darwinism
turned James to a serious study on the biolog-
ical sciences.

While James was a student, the physical
principle of the conservation of energy was win-
ning wide acceptance as well as the biological
principle of evolution, and science was assum-
ing a militant tone whereas religion was on the
defensive. Philosophies of a naturalistic and
materialistic sort were springing up. James was
never converted to any of these, but he was at
first very enthusiastic to Herbert Spencer,

Darwin’s Origin of Species appeared in 1859
and Herbert Spencer announced his ‘Synthetic
Philosophy’ in 1850. At the Lawrence Scientific
School, he studied naturally these experimental
and positivistic theories of evolution newly de-
veloped. Furthermore, in 1872—1873, and for
five consecutive years from 1874, James gave
a course in Harvard College on ‘Comparative
Anatomy and Physiology’. The doctrine of evo-
lution which James taught was, of course
Darwin’s, and in 1868 he had written reviews
of Darwin’s Variation of Animals and Plants
under Domestication. The influence of Darwin
was both early and profound, and its effects
cropped up in diverse and often unexpected
quarters,

James read Spencer’s First Principle be-
tween 1860 and 1862 and was ‘carried away with
enthusiasm by the intellectual perspectives which
it seemed to open’. In 1876—1877, James offered
an undergraduate course on ‘Physiological Psy-
chology’, in which Spencer’s Principles of
Psychology was used as text. James showed
his sympathy with Spencer’s theory. First, Spen-
cer's dealing with the physiology of the nerv-
ous system, .that is, the mind as a function of
an evolved organism dealing with a physical

environment corresponded closely to James’s

biological approach to psychology. Second, Spen-
cer’s voluntaristic psychology suited James’s
mind.

James adopted the notion of @ priori factor
in human knowledge from Dawin’s notion of
spontaneous or accidental variation. He believed
that the essence of Dawinism lay in the idea
that, whether individual variations are great or
slight, they prove and disprove themselves —
survive and disappear— as their environment
dictates. But a materialistic connotation of Dar-
winism did not satisfy his mind.

He was also dissatisfied with Spencer’s neg-
lect of the problem of consciousness. Spencer,
and the more consistent evolutionary school as
well, failed to explain how conscious molecules
‘run together and form a unified consciousness.”
Evolutionalism, in this sense, can not prove the
uniqueness and originality of consciousness
against its physiological basis. James continued
to use Spencer’s work in the class, but dissat-
isfactions with Spencer’s theory increased more
and more. Spencer served James in the role of
a punching bag, and for many years- he kept
him in his intellectual gymansium. Spencer’s
thinking irritated him - and at the same time
convinced him that he was competent to form
a judgment of his own. He acquired a sense
of his own philosophical power through feeling
so confidently, and seeing so clearly, that Spen-
cer was wrong. Thus Spencer’s part in James’s
development was the complementary opposite
of Renouvier’s: the one repelled him and the
other attracted him, while both excited him.

For two years(1867—68) he was in Germany,
hoping to continue his studies while regaining
his health. He attended a Heidelberg University
cource in physiology. Meanwhile he read inten-
sively in general literature and philosophy and
studied the new technicai works on psychology
which was being established as an independent

branch of science in Germany and France.
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During this period, James read Kant and got
acquaintance with Renouvier, which had great
significance for the formation of his philoso-
phical ideas. James read Otto Liebmann’s Kant
und die Epigonen and confessed admiration for
the strength of this Kantian critique of Hume.
He agreed with Kant in the opinion that there
are structures in the mind not derived from
experience, without accepting Kant’s synthetic
judgment and also Kant’s transcendent, noume-
nal reality.

James’s spiritual crisis (1869—72) came after
a decade of scientific studies. It was precipitated
by ill health, His spiritual crisis is an important
factor in understanding the development of his
ideas. This crisis may be thought of as some-
thing like a religious conversion. Philosophy is
not, for James, a detached and dispassionate
inquiry into truth. It is a “Weltanschauung, an
intellectualized attitude towards life.”®

The pure objective and disinterested research
of science did not satisfy his mind. He began
to ask the meaning of human existence and his
own existence. “How other people could live,
how myself had ever lived, so unconscious of
that pit of insecurity beneath the surface of
life?” He then turned his attension to the prob-
lem of morality and the importance of the
will to believe, His experience made him a
philosopher by necessity as well as inclination,
He said himself, “I originally studied medicine
in order to be a physiologist, but I drifted into
psychology and philosophy from a sort of fatal-
ity.”® His philosophical interest burned con-
tinuously, but not regularly. As with Maine de
Biran, the gravity of his philosophical task var-
ies with his moods, and with the condition of his
health. His philosophy was, as Perry remarks,
never a mere theory, but always a set of
beliefs which reconciled him to life and which
he proclaimed as one preaching a way of sal-

vation. He was too profoundly human to find a

consolation in heaven and too intellectual to
become submerged in emotional belief. He tried
to find the way of salvation in the philosophical

investigation of mind and life.

During the struggle whether he should ‘frankly
throw the moral business overboard’ or ‘follow
it and it alone, making everything also merely
stuff for it’® James found Renouvier, who
exercised the most important personal influence
upon the development of his thought. He said
“I think that yesterday was a crisis in my life
I finished the first part of Renouvier’s second
Essais and see no reason why his definition of
free will —‘the sustaining of a thought because
I choose to when 1 might have other thoughts’
— need be the definition of an illusion. At any
rate, I will assume for the present —until next
year— that it is no illusion, My first act of
free will shall be to believe in free willL”®Re-
nouvier’s phenomenalism, his pluralism, his fide-
ism, his moralism, and his theism were all
congenial to James’s mind. In the preface to Some
Problems of Philosophy,
Renouvier “was one of the greatest of philoso-

James wrote that

phic characters, and but for the decisive impres-
sion made on me in the seventies by his
masterly advocacy of pluralism, I might never
kave got free from the monistic superstition
under which I had grown up. The present
volume, in short, might never have been writ-
ten. This is why, feeling endlessly thankful as I
do, I dedicate this textbook to the great Re-
nouvier’s memory.”®

Renouvier started from Kant’s philosophy,
considering philosophy as a criticism of science,
He proclaimed the principle of discontinuity in
science and recognized the existence of freedom
in the phenomenon. For him freedom is
the first principle of knowledge, because knowl-
edge depends on a choice of free will when

thought confronts contradictions. He proposed
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also the principle of relativity for the metaphys-
ics. For James, Renonvier was first of all
an empiricist. Renouvier’s polemic against the
metaphysical notions of substance, of infinite in
existence, and of abstract ideas seemed to him
more powerful than anything which had been
written in English. The idea of freedom comes
from the argument that thinking must be free if
it is to be either true or false; so that it can mean
nothing to discuss the question of freedom un-
less one is free to affirm or deny it. More im-
portant for James’s pluralism was Renouvier’s
argument that the world may compose a whole
without being determined by it. Therein lies
the whole ground of that priority of part to
whole which James concluded was the essence
of empiricism.

But divergence appeared when Renouvier
tended toward monadism. Monadism is defi-
nitely contrary to James’s view of any interpen-
etrating and continuous flow of existence, where
causality is a real transition and where two
can be both the same and ‘not the same. Re-
nouvier was more rigorous and systematic, but
less bold. James felt himself to be too ‘bottom-
less and romantic’ to suit Renouvier's intel-

lectualism.

Though James was stimulated and influenced
by the various schools, he belongs unquestion-
ably to the British empirical school. He said
that he was happy to say that it was the Eng-
lish-speaking philosophers who had first intro-
duced the custom of interpreting the meaning
of concepts by asking what difference they made
for life:-- He sincerely believed that the English
spirit in philosophy is intellectually, as well as
practically and morally, on the saner, sounder,
and truer path. He dedicated Pragmatism to
an English philosopher, John. S. Mill; “From
whom 1 first learned the pragmatic openness
of mind and whom my fancy likes to picture
as our leader were he alive today.”®

91

But his attitude towards British empiricism is
both negative and positive; he opposed its nom-
inalism, associationalism and positivism, Accord-
ing to James, the empiricisms are wrong when
they regard the mind as merely a passive
repository of experience, and when they affirm
some sort of outlying order of existence, con-
stituting nature or the world, He abandoned the
notion that mind is a ?abula rasa and recog-
nized the importance of inborn traits and sub-
jective interests. Also he considered experience,
not a series of distant impacts, but a being which
is combined by some ulterior agency, and which
yields connections as well as terms —journeys
as well as stations. ’

“Without doubt the most important philoso-
phical and personal attachment of James's later
years was that which he formed with Bergson.”®
Both men developed almost the same idea about
time and reality, and the influence between them
were mutual.® They respected each other’s
philosophy and evaluated each other highly
even when they had difficulty in understanding
each other’s standpoints.

James did not hesitate to admire and praise
Bergson. He said, “I have to confess that Berg-
son’s originality is so profuse that many of his
ideas baffle me entirely.”®® When Bergson sent
him Matiere et Memoire, he wrote to Bergson,
“It makes a sort of Copernican revolution as
much as Berkeley's Principles or Kant’s Cri-
tique did, and will probably, as it gets better
and better known, open a new era of philoso-
phical discussion.” ®»These words of praise show
how much James evaluated highly Bergson’s
thought and sympathized with him. They sug-
gest also that they had not only similar ideas,
but a common mentality. James praised Berg-
son’s ideas as a turning-point of history of ideas
—a turning from the substantial, static world-
view to a functional, dynamic one.

On the other hand Bergson admired James’s
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original and keen insight to the reality. Bergson
compared James to a fire-place and said, “Un
foyer ardent était 13, dont on recevait chaleur
et lumiére.” Thus, they discovered not only
their doctrinal agreement, but their deep per-
sonal affinity too. Both were men of profound
humanity. Each possessed a degree of artistic
sensibility and keen insights and intuitions.

The life-long intercourse with Peirce also,
needless to say, had great importance for James’s
thought formation. The influences between
James and Peirce were reciprocal. Peirce’s
earliest writings and conversations seem to have
left an unmistakable imprint on James. Both
developed the idea of pragmatism at almost the
same time but with somewhat different conno-
tations.

Peirce seemed to help him to free himself
from his early admiration for the empiricism
of Chauncy Wright, whom Peirce represented
to James as a superficial mind because of his
attempt to reconcile the ‘really incongruous’
ideas of Darwin and Mill. James admired Peirce’s
self-assurance and intellectual boldness, For
example, after attending Peirce’s lectures on
‘British Logicians’, James wrote to his brother
that Peirce ‘is certainly trés fort. I never saw
a man go into things so intensely.’@® Of all
colleagues with whom James had a relationship,
Peirce was his most intimate friend intellectually,
and their mutual stimulation to a large extent
helped each other to develop his philosophy.
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III

James was trained as a medical doctor, and
then turned to psychology. Notwithstanding his
scientific background, he did not stick to the
laboratory nor was he ever drawn to reflect
closely on its methode. His mentality is quite
different from the mathemat’cal and logical one.
On the contrary he possessed an unusually de-
veloped sensibility to the predicament —moral,
political, religious and philosophical — of his
age.YHe devoted his whole life to the task of
creating what, it seemed to him, his age so sore-
ly needed, a new philosophy. These therapeutic
concerns had a great influence on the character
of his pragmatism.

James applied his pragmatic method to his
theory of The Will to Believe in an earlier per-
iod and then to his theory of Radical Empir-
izism. Both thesz th2ories had their origin and

explanation in the fact that James was, first and
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foremost, a very eminent introspective psycho-
logist and a therapist of the soul. Thus his
pragmatism can be characterized in a sense as
humanism.

Pragmatism depends primarily on modern
empiricism originated in England. But it rejects
the sensational, passive and intellectualistic
characteristics in the notion of empiricism. It con-
sidered experience as a challenge to the envi-
ronment of an organism. It regards conscious-
ness or intellect, which generates from the proc-
ess of these experiences, as a tool or an in-
strument for the adaptation to or control of life-
environment around him. Experiences are not
materials or constitutive elements of intellect or
knowledge. On the contrary, intellect or knowl-
edge is regarded as the material or constitutive
factors of experiences.

As these characters indicate, pragmatism was
influenced by the new biology, physiology or
psychology which started from the evolutional
theories. But it diverged from the irrational and
extreme voluntaristic philosophy of life by adopt-
ing the experimentalistic methodology of mod-
ern science. That is, it intended to use a sci-
entific method in dealing with concrete experi-
ence and tried to be an experimental rationalism.

The beginning of Pragmatism can be traced
to Peirce.”® Peirce’s pragmatic principle was a
maxim designed to promote the clarification of
the meaning of conceptions and propositions.
The meaning of an intellectual conception or
idea is the envisaged practical consequences of
the conception. His famous maxim was “In order
to ascertain the meaning of an intellectual con-
ception one should consider what practical con-
sequences might conceivably result by neces-
sity from the truth of that conception; and the
sum of these consequences will constitute the
entire meaning of the conception.”®Also “Con-
sider what effects, that might conceivalbly have

practical bearings, we conceive the object of our

conception to have, Then, our conception of
these effects is the whole of our conception -of
the object.”®

Pragmatism, for Peirce, is a method and a
theory of meaning derived from the natural sci-
ences and applicable to philosophy. It was
enunciated with remarkable theoretical precision
by Peirce and developed and applied by James.
The pragmatic maxim is, for James as it had
been for Peirce, a method of making our idea
clear and a test of the meaningfulness of our
concepts and propositions, And James proposed
the pragmatic test of meaning as ‘a method of
settling metaphysical disputes that otherwise
might be interminable.’

However, Pragmatism developed by James
embraces not only a theory of meaning but
likewise a theory of truth, and thus extending
the scope and function of it, James went far
bsyond Peirce’s. Truth is a good guide to con-
duct,® falsity is not. It is a method of deter-
mining the truth or falsity of propositions by
checking up whether they do or don’t fulfill our
purposes and satisfy our biological and emotional
needs. A true proposition is one the acceptance of
which leads to success, a false proposition is one
which produces failure and frustration. Truth
is a relation completely immanent to a human
experience. Ideas are instruments of the activtiy,
and thinking is teleological. The truth of a
proposition, therefore, consists in the fact that
it is ‘useful’, or ‘gives a satisfaction.®

The pragmatic test, then, must be its effects
on us, its practical consequences. True ideas
are those that we can ‘assimilate, validate, cor-
roborate and verify.” The true is useful because
it is true and it is true because it is useful.

It clearly shows that his therapeutic concern
is in it, because for James pragmatism is not
only the theory of meaning as Peirce insisted,
but also a theory of truth. An idea is true

when it works; and an idea works when it leads
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to satisfactory outcomes. We may consider any
idea true if it ‘proves itself to be good in the
way of belief.

In introducing a reference to satisfactions,
expediency, practicability and also instrumental-
ity in his definition of truth, James in this way
expanded the Peirce’s original meanings of prag-
matism.

Although James claimed that pragmatism is
merely a method and a theory of truth, in reality
he applied this method to the problems of met-
éphysics, and expressed his theory of reality
in Essays in Radical Empiricism and A Plu-
ralistic Univer se.

James’s metaphysics supported his own native
conviction that the reality is an infinitely richer,
warmer, more varied and potential one than
Nineteenth Century materialists would have us
believe. James finds pluralism pragmatically pref-
erable to monism, The ‘block-universe, the
rigoristic deterministic system of both material-
istic and idealistic monisms did not satisfy him.
Such systems cannot satisfy all the demands of
our nature, and hence they cannot be wholly
true. Successfnl action presupposes the recog-
nition of variety and diversity in the world.

Thus the main outline of James’s ontology is
fairly clear. The world is a living and active
many-and-one, ‘strung-along and flowing,” with
real possibilities and indeterminations. The ulti-
mate reality is ‘that sense of our own life which
we at every moment possess,” and all other forms
of reality derive their quality from this, He
puts his faith in a living native human experi-
ence. Reality is experience itself prior to human
thinking about it. Here we can find his episte-
mological theory of the limits of conceptual
knowledge. ““---reality cannot be thus confined by
a conceptual ring-fence. It overflows, exceeds,
and alters.”™ We may glimpse it, but we can
never grasp it by concept. “Conceptual knowl-

edge is forever inadequate to the fulness of the

reality to be known. Reality consists of essential
particulars as well as of essences and universals
and class-names, and of existential particulars
we become aware only in the perceptual flux,”®
What we grasp by concepts is always some
substitute for it which previous human thinking
has peptonized and furnished for our understand-
ing. At the basis of his ontology, thus, lies
the insight into the finitude of our concepts
and of our conceptual apprehension. The world
which we arrange in categories is ‘selection
within the superabundance on the unselected.’

For James, reality cannot be confined by a
‘conceptual ring-fence,’ It overflows, exceeds,
changes. It may turn into novelties, and can be
adequately known only by following its singu-
larities from moment to moment. The conceptu-
al world is a kind of cut, or excerpt, or selec-
tion from this flux or continuum. It is instru-
mentally useful in representing reality externally,
statistically and schematically. But it fails ‘to
touch even the outer hem of the real world, the
world of causal and dynamic relation of activity
and history.’

Then what is this flowing and ever-continu-
ous reality? James adovocates here very impor-
tant and new concepts, that is, the idea of pure
experience. He reaches this idea from a radical
or pure empiricism, which opposes both the
classical rationalism and also the traditional
English empiricism. For James empiricism is
wrong in saying that our psychic life consists
of a multiplicity of independent sensations, and
rationalism is wrong in saying that these are
combined by categories resident in the mind @
priori. The immediate experience is a unity in
diversity. For James, whatever is experienced is
real. We must take experience as it exists be-
fore it has been manipulated by conceptual
things—experience in its purity and innocence—
if we would reach reality. We must go behind

the conceptual function altogether and look to
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the more primitive flux of the sensational life
for reality’s true shape. Experience in its meta-
physical signification —as it is finally represent-
ed in James’s last publications, is, thus, that
potency in man through which he seeks to the
real, to the absolute— beyond the schematism
of concepts, defined by ‘pragmatism. It is a kind
of process of absorption or absorption of the
shaped world into the worldless immanence of
becoming, into the demonical stream of creation.

James, therefore, did not accept the atomic
structure of experience. He began with a form-
less continuum. That the reality is composed
of ‘pure experience’ means at least that it is
like experience in being through and through
fluent and qualitative. Also, experience as a
whole is selfcontaining and leans on nothing.
Pure original experience is neither subjective
nor objective, It is the primordial stuff from

which consciousness and things emerge.

Then what is experience? Here James seems
to vacillate between two views. That is, reality
is pure experience, which is independent of all
thought, to which the life of the infant or semi-
comatose person approximates; on the other
hand James said that reality is the entire field
of the adult consciousness, experiences perme-
ated with thought.® If reality is composed of
experiences and so of consciousness, what is

the nature of consciousness for James?

Even though his idea about consciousness is
not a consistent one, it has a great significance
in the history of idea. James was unalterably
opposed to the traditional supposition that con-
sciousness can be correctly described in terms
of simple ideas or sensations or any other men-
tal element which later come to be built up
into complexes in accord with psychological law.,
He said, “No one ever had a simple sensation
by itself. Consciousness, from our natal day,
of a teeming multiplicity of objects and relations,

and what we call simple sensations are re-

sults of discriminative attention, pushed often
to a very high degree.” Simple ideas or other
mental elements may indeed be carved out of
the stream of consciousness. But they are not
original building blocks. They are artificial en-
tities, discriminated by attention for the practical
purpose of guiding phases of consciousness to
more satisfactory outcomes. It is not a chain
of discrete entities but a flowing stream of in-
terpenetrating pulses of awarness. Fluency, con-
tinuity and change are the dominant charac-
teristics of mental life.

The second respect in which James’s theory
of conscionsness distinguishes itself from oth-
er empirical theories is in that he protests against
treating the stream of consciousness as a
function of the brain and nervous system of the
organic body, though James always pays much
attention to physiological facts. He firmly in-
sisted that there is much more in consciousness
than is represented by brain processes and other
bodily functionings, and he claimed that there
is no evidence to show that the brain produces
consciousness. Rather the indications are that
the brain is an instrument which consciousness
uses in its efforts to act efficiently upon the
external world. Thus body and brain is the tool
of consciousness, and consciousness is fuller
and richer than the organic body in its dynam-
ic occurrence and can never be exhausted by
the processes of physical elements,¢?

Consciousness, also, for James, is not prima-
rily a matter of intellectual activities or cogni-
tion as traditional theories of mind argued it. It
is rather impulsive, affective, passional and vo-
litional throughout its course, and only intellec-
tual at times when their problems are given,
that is, when they are confronted with a situa-
tion which needs help from an intellect.(V

However James never solved the problem of
consciousness to his own satisfaction. “He ana-

lysed quite adequately the function of consci-
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ousness, but he had a difficulty in defining what
is the nature of consciousness. He had succesd-
ed in describing consciousness as a ‘stream’
as something continuous, whose parts were or-
ganically related and which might, therefore, be
expected to function as an ‘organ’. But when he
attempted to fit this unified mental activity intc
a physical world, whose elements were atomic
and whose relations were ‘external’, he saw the
hopelessness of his task.”®®James, then, (at the
time of his The Principles of Psychology), had
rejected the assumption that consciousness is a
distinct order of existeace and adopted a rela-
tional theory of consciousness. “There is no
thought-stuff different from thing-stuff,-, but the
same identical piece of ‘pure experience’ (which
was the name I gave to the materia prima
of everything) can stand alternately for a ‘fact
of consciousness’ or for a physical reality, ac-
cording as it is taken in one context or in an-
other.”®® In the world of mind stuff, as in a
world of a matter, any individual field of con-
sciousness must be a relational complex, distin-
guished from the other furniture, not by its ele-
ments, but by its structure. He denied that con-
sciousness is an entity or stuff or subjective
existence, such as Locke and his followers sup-
posed to be the immediate facts of experience,
and considered it as a function. There is indeed
a function in experience which we may call by
the name ‘consciousness.” The field of consci-
ousness is a collection of physical things cut out
from the rest of the physical world by virtue of
new functional relations which our perceiving
or knowing those objects establishes among
them. Consciousness is thus a function which ob-
jects, not previously mental, come to have when
grouped in a certain way.-Mind and conscious-
ness occur in the natural world in which also
all sorts of other nonmental relations occur,
and they are as natural in their occurrences as

those other nonmental relations. Perceiving and

knowing, meaning and believing, loving and
hating are the processes which have the same
complex of events in which walking and shining
or raining occur., Experience, in this sense, is in
effect a system of relationships' “Ces expér-
oemces pure existent et se succedent, entrent
dans des rapports infinement variés les unes avec
les autres, rapports qui sont eux-méme des par-
ties essentielles de la trame des expériences.
Il y a ‘Conscience’ de ces rapports au méme
titre qu’il y a ‘Conscience’ de leurs termes.”d%
What he did in Essays in Radical Empiricism
was to expand his psychological theory of con-
sciousness into a metaphysical doctrine of pure
experience and he tried to overcome the dualism
of individual consciousness and universal con-
sciousness as well as of subject and object, body-
mind.

We have now surveyed James’s theory of
reality and its development. Let us review brief-
ly the development of his metaphysical ideas
James started his meditation from the immedi-
ate evidence of self-consciousness. He analysed
introspectively this naive, immediate conscious-
ness and grasped it as a continuous flux of mul-
tiplicities of sensations, of interpenetrating qual-
ities. He developed this idea of ‘the stream
of consciousness’ and came to the idea of ‘pure
experienee’. James frequently argued as though
experience and conscious experience were the
same thing.®® James thus elevates the concept
of experience to the rank of the ultimate reality.
It is an integral whole from which subject and
object come out. “It is a that, an Absolute, a
‘pure’ experience on an enormous scale, undif-
ferentiated and undifferentiable into thought and
thing.”@» “As ‘subject’ we say that the experi-
ence represents: as ‘object’ it is represented.
What represents and what is represented is here
numerically the same--- Its subjectivity and ob-
jectivity are functional attributes solely, realized
only when the experience is ‘taken’ i.e., talked
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of, twice, considered along with'its two differing
contexts respectively::-- The instant field of the
present is at all times what I call the ‘pure’ ex-
perience. It is only virtually or potentially either
object or subject as yet.”®® The difference of
subject and object or thought and thing is noth-
ing but functional and not ontological.

This relational theory of consciousness afford-
ed the possibility of escape from the solipsism
and also from dualism. For this purpose James
intended to be very faithful to the experience
itself. “To be radical, an empiricism must nei-
ther admit into its constructions any element that
is not directly experienced, nor exclude from
them any element that is directly experienced.”®

We may distinguish three stages in the de-
velopment of his philosophy. The pluralism of
the Psychology (1890); his thedry of ‘pure ex-
perience’ (1904—>5); and finally the theory of
‘compenetration view’ of the moments of expe-

rience to each other in the last three years of
his life,®®

When James began to study philosophy, the
counter-movement to romanticism and idealism
had appeared and Western thought seemed to
be defenseless against the powerful influence of
the newly arising materialism backed up by sci-
ences and technology. In Germany, D.F. Straus,
L.A. Feuerbach and K, Marx developed mate-
rialism from the Hegelian left, and J. Moleschott,
L.Biichner and E.F. Haeckel proclaimed the
new materialism. In France, the positivism of
A. Comte was being continued and popularized
by H. Taine and E.Renan, and Le Dantec and
Abel Rey proclaimed the scientisme. In Eng-
land Spencer’s and Darwin’s prestige increasing
and were being diffused by T.H. Huxley. James,
as a trained scientist, inclined naturally to these
movements.

Thus, James had to face two dominating

thoughts of later Nineteenth Century, i.e., (moni-
stic and deterministic) idealism and materialism

(including scientism.and evolutionism). James’s
main concern was,. therefore, how to defend his
realism .and pluralism. against monistic philoso-
phies. on the .one hand, and freedom and autono-
my of mind, that is,. humanism, against deter-
ministic philosophies on the other hand.
According to Hegel, reality is not static and
permanent, but is in the process of dialectic
development or becoming Werden. But, this
becoming takes place within the permanent
absolute mind and, therefore, Hegel’s philosophy

is-monistic and deterministic. On the other hand,

James was much disturbed by the allegedly

‘materialistic’ and ‘deterministic’ implication of
the evc;lutionary theories, The main trend in
James’s philosophical development consists,
then; in his persistent effort to find a psycho-
logical and philosophical justification for his
initial feeling or hunch against current material-
istic automation theory of mind.

In conclusion, James had two purposes in his
philosophy; namely, to justify pluralism, the
infinite potentialities and possibilities of the
reality and life, and the freedom and autonomy
of mind.

These motivations are related also very inti-
mately to his therapeutic concern. He intended
his philosophy to be the defender of humanism.
He rejected monistic doctrines because of their
antihumanistic nature. According to James, mon-
ism “does not account for our finite consci-
ousness:-. It creates a problem of evil-:- It con-
tradicts the character of reality as perceptually
experienced--- It is fatalistic---"®V “‘Pluralism’
on the other hand, is neither optimistic nor
pessimistic, but melioristic, rather.”@

We might say that he was a physician of the
soul more than a metaphysician. He came into
philosophy from the medical science, and had
a basically therapeutic concerninall his reflec-
tions. He wished to help his fellow men, as

well as himself, to live more vigorously and
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more wholesomely.® He would never take
any scientific conclusion as the final truth about
the life and universe. He emphasized the impor-
tance of inner life rather than social life, feeling

rather than reason, will rather than intellect.

Notes:
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Schneider, H.W.; A History of American Phi-
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Ibid, pp.46—47, 65—66

Ibid, p.134

Ibid, p.23

James, W.; Essays in Radical Ewpiricism, New
York, Longmans, Green and Co., 1922, p.201
Perry named these three stages as psychological,
phenomenailstic and metaphysical. The Spirit of
William James, New Haven, Yale University
Presss 1938, Ch, III.

James, W.; Essays in Radical Empiricism, pp.
138—9

Ibid, p.142

Lamprecht, S.P.; Our Philosophical Traditions,
p.454. With regard to this therapeutic concern,
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Both studied medicine and intended to make
philosophy for the service of “bien vivre.”
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