II.—THE PRINCIPLES OF DEMONSTRATIVE
INDUCTION (IL.).

By C. D. Broab.

7. Laws oF CORRELATED VARIATION OF DETERMINATES.—We
have now completed our account of the arguments by which one
attempts to establish laws of Conjunction of Determinables. Sup-
pose that we have thus rendered it highly probable thatC, . . . C,
i8 & 8.8.C. of E, where E may itself be a complex characteristic
of the form E, . . . E,. We now want to go further and to
consider the connexion between various determinate values of
C, . .. C,, on the one hand, and various determinate values of
E, on the other. This is what Mr. Johnson seeks to formulate in
his inductive methods. For this purpose we need some further
postulates in addition to those which we used in the theory of
necessary and sufficient conditions. We will begin by stating and
commenting on these postulates.

Postulates.—(3) If C be a 8.8.C. of E, and if there is at least
one instance in which a certain determinate value ¢ of C is accom-
panied by a certain determinate value e of E, then in every in-
stance in which C has the value ¢ E will have the value e. (We
will call this Postulate 3, as we have already had two postulates.)

I will now make some comments on this postulate. (a) The
converse of it is not assumed to hold. Our postulate states that
¢ cannot be accompanied in some instances by e and in other
instances by ¢’. But it does not deny that e may be accompanied
in some cases by ¢ and in others by ¢’. The point will be made
clear by an example. Let E be the time of vibration of a com-
pass-needle free to vibrate about its point of suspension in a
magnetic field. Then the 3.8.C. of E is a conjunction of three
factors, vz., the moment of inertia of the needle, its magnetic
moment, and the intensity of the magnetic field. Call these three
factors C,, C,, and C; respectively. Then the causal formula is
in fact E = 27V (,/C,C,. It is plain that, if determinate values
of C,, Gy, and C, be taken, any repetition of them all will involve
a repetition cf the original value of E. But the original value of
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E might occur when the values of C,, C,, and C, were different
from their origina! values, provided the new values were suitably
related among themselves.

{6) It will be noticed that the postulate is of the form required
for the major premise of a demonstrative induction. For it is a
hypothetical proposition’in which the consequent is a universal
categorical, and the antecedent is a particular categorical of the
same quality and with the same subject and predicate as the
consequent.

(c) In virtue of this postulate we can talk of the value of E which
correspcnds to a given value of C. But we cannot talk of the
value of C which corresponds to a given value of E, since there
may be several such values. Thus the postulate may be said to
deny the possibility of a plurality of determinate total effects to
a given determinate total cause, but to allow of a plurality of
determinate total causes to a given determinate total effect. I
propose to call this postulate the ‘‘ Postulate of the Uniqueness of
the Determinate Total Effect.”

(d) It must be clearly understood that, although in stating the
postulate the single letters C and E have been used, they are
meant to cover the case of conjunctions of factors, suchasC, . . .
C.,and E, ... E,. In such cases the determinate ¢ will re-
present the conjunction of a certain determinate value of C, with
a certain determinate value of C; with . . . a certain determinate
value of C,. And similar remarks apply, mulatis mutandis, to e.
Thus we shall have a different determinate value of C if we have
a different determinate value of at least one of the determinables
C, ... C,, even though we have the same determinate values
a8 before for all the other C-factors. And similar remarks apply,
mulatis mulandis, to variations in the determinate value of E.

(4) This brings us to the fourth postulate. It runs as follows.
If a total cause or a total effect be a conjunction of several deter-
minables it is assumed that no determinate value of any of theze
factors either entails or excludes any determinate value of any
of the other factors in this total cause or total effect. This may
be called the “ Postulate of Vartational Independence”. It
should be compared with Postulate (1), which we called the postu-
late of Conjunctive Independence.

Now suppose that E is a conjunction of the determinables
E, ... E,.. Let there be x; determinates under E,, u, deter-
minates under E,, . .. and u, determinates under E,. It
follows from the Postulate of Variational Independence that the
total number of different determinate values of Ewillbep, py . . .
Him. Let us call this the “ Range of Variation” of E. Now it
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follows at once from the Postulate of the Uniqueness of the Deter-
minate Total Effect that, if C be a 8.8.C. of E, the range of varia-
tion of C cannot be narrower than the range of variation of E,
though it may be wider. For to every different determinate
value of E there must correspond a different determinate value
of C, whilst several different determinate values of C may corres-
pond to one and the same determinate value of E. Suppose that
C is a conjunction of the determinables C, . . . C,. Let there
be v, determinates under C,, v, determinates under C, . . . and
v, determinates under C,. Then the range of variation of C is
vivg . . . vo. And the principle which we have just proyed is
that vivg . . . Vo Pty - - . fim-

Now two different cases are posmble (a) Every determinable
in E may have only a finite number of determinates under it.
This alternstive leads to nothing of great interest. (&) At least
one of the determinables in E may have an infinite number of
determinates under it. If so, the range of variation of E will be
infinite. Consequently the range of variation of C must be in-
finite. But this will be secured if and only if at least one of the
determinables in C has an infinite number of determinates under
it. So we reach the general principle that if there is at least one
factor in a total effect which has an infinite number of determinates
under it then there roust be at least one factor in any 8.8.C. of
this effect which has an infinite number of determinates under it.

We can now go rather further into detail by using the elements
of Cantor’s theory of transfinite cardinals. (a) Even if all the
determinables in a total effect should have an infinite number of
determinates under them it will be sufficient that at least one of
the determinables in the total cause should have an infinite num-
ber of determinates under it. For the number of determinables
in the total effect is assumed to be finite. Consequently the
range of variation of the total effect will be an infinite cardinsl
raised to a finite power, even in the case supposed. Now it is
known that any finite power of an infinite cardinal is equal to
that infinite cardinal. Therefore it is enough, even in the case
supposed, that at least one of the determinables in the total
cause should have an infinite number of determinates under it.
We can sum up our results in the form : “‘ If at least one factor
in the total effect has an infinite number of determinates under it
it is mecessary that at least one factor in the total cause should have
an infinite number of determinates under it ; and even if all the
factors in the total effect have an infinite number of determinates
under them it is sufficient that at least one of the factors in the
total cause should have an infinite number of determinates under
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it”. (b) If the number of determinates under one of the deter-
minables in E be infinite there are still two possible alternatives.
In the first place the series of determinates may merely be * com-
pact 7, t.e., it may merely be the case that there is a determinate
of the series between any pair of determinates of the series. If
80, it has the same cardinal number as the series of finite integers,
viz. N, the emallest of the transfinite cardinals. On the other
hand, the series of determinates under this determinable may be
*“ continuous "’ in the technical sense, as the points on a straight
line are supposed to be. If 80, it has the same cardinal number
as the series of real numbers, viz., 2%°. Now it is known that 2N*

is greater than N,. We can therefore enunciate the following
general principle : * If any of the determinables in a total effect
has under it a series of determinates which is strictly ‘ con-
tinuous ’ then ai least one of the determinables in the total cause
must have under it a series of determinates which is not merely
‘ compact ’ but is strictly ¢ continuous’.”

Before leaving this subject there is one final question that might
be raised. Is it possible that one or more of the determinables
in a total cause should have an infinite number of determinates
under it whilst all the determinables in the total effect have only a
Jfinite number of determinates under them ? There is certainly
nothing in any of our postulates to rule out this possibility. It
would be realised if, e.g., the following state of affairs existed.
Suppose that C is a total cause and that E is its total effect. Sup-
pose that E has a finite number of determinate values ¢,, e, etc.
Suppose that the determinate values of C form a compact or a
continuous series. And suppose finally that ¢, and every value of
C between ¢, and ¢; determines the value e, of E, that ¢, and every
value of C between ¢, and ¢, determines the value ¢, of E, and so
on. I do not see anything impossible in a law of this kind, though
I do not know of any quite convincing example of such laws.
The following would be at least a plausible example. Suppose
we take the three possible states of a chemical substance, such
a8 water, viz., the solid, the liquid, and the gaseous, as three de-
terminates under a determinable. And suppose we say that this
determinable is a total effect of which the two determinables of
pressure and temperature constitute & total cause. Keep the
pressure fixed at 76 cm. of mercury, and imagine the temperature
to be varied continuously. Then every determinate value up to
a temperature of zero on the centigrade scale determines the solid
state, every determinate value from zero up to 100° determines
the liguid state, and every determinate value above 100° deter-
mines the gaseous state,
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I have said that the above is a plausible example of a case in
which the same determinate total effect has an infinite plurality
of different possible determinate total causes. But, when it is
more carefully inspected, it can be seen not to be a real example.
The fact is that we have not got here either the genuine total
cause or the genuine total effect. The real total cause is a con-
junction of three factors, viz., the pressure, P, the total mass of
the substance, M, and the quantity of heat contained in the sub-
stance, H. Thereal total effect is a conjunction of four factors; viz.,
8, the amount of the substance in the solid state ; L, the amount
of the substance in the liquid state ; G, the amount of the substance
in the gaseous state ; and T, the temperature of the substance.
Our law of the con]unctlon of determinables is then that PMH is
a 8.8.C. of BLGT. BSuppose that at the beginning of the experi-
ment all the water is in the solid form, and is at a temperature
below freezing-point. We will keep the determinate values of P
and M constant throughout the experiment at the values p and m.
And we will continuously increase H. At first L and G will have
the values 0, and 8 will have the value m. As H is incressed
these values will remain constant, but T will continuously in-
crease. This will go on till T reaches the melting-point of ice at
the pressure p. If we now further increase H the values of 8 and
L will begin to change continuously, whilst the value of T will
remain at the melting-point of ice under the pressure p. The
value of 8 will steadily diminish and that of L will steadily in-
crease until we reach a stage at which the value of 8 is 0 and the
value of Liis m ; 1.e, all the water will now be in the liquid state
at the temperature of melting ice under the pressure p. If we
still go on increasing the value of H the values of T will now start
to increase steadily, and this will go on till the liquid water
reaches the boiling-point under the given pressure. If H be still
increased after this point we shall have the values of L and G
changing, whilst T remains constant. This stage will go on as we
increase H until all the water is converted into steam at the tem-
perature of boiling water under the pressure p. At this stage 8
and L will have the values 0, whilst G will have the value m.
If more heat be now put in, 8, L, and G will henceforth keep con-
stant at 0, 0, and m, respectively, and T will steadily rise.

We see then that at every stage some factor in the total effect is
varying continuously as the factor H in the totu.l cause varies
continuously, although other factors in the total effect may at the
same time be keeping constant in value. Thus the total effect
changes continuously in value throughout the whole process, and
to each determinate value of it there corresponds one and only
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one valuc of that factor in the total cause which is being con-
tinuously varied while the remaining cause-factors are kept con-
stant. It is possible that, whenever it seems that a continuous
set of different values of a total cause all determine the same
value of a total effect, this is always due to our not having got the
total cause and the toial effect. But, although this may well be
80, I do not see that there is any logical necessity that it should
be so.

We come now to the remaining postulate of the correlated
variation of determinates.

Before stating this postulate it will be convenient to introduce
a certain notation which will enable us to formulate it briefly and
clearly. Let us suppose that C, . . . C, is a total cause of
which E is the total effect. Consider a certain one factor in this
total cause, e.g., C,. I propose to denote the conjunction of the
remaining factos C,C, ... C,;C,,; ... C, by the single
symbol I',_,. The total cause can then be denoted by the symbol
CJ,_,. Suppose now that a certain determinate value is assigned
to each of the factors in I',_,. We shall thus get a certain de-
terminate value of I', _,, and this may be denoted by 4%__. Let
a certain determinate value of C, be denoted by . Then the
determinate value of the total cause may be denoted by cy%_,.
To this there will correspond a certain one determinate value of
E. Let us denote this by e>'2 . We are now in a position to
state our postulate.

(6) LetC, . . . C, bea total cause of which E is the total effect.
Select any one factor C, from this, and assign to the remainder
I',_, any fixed value 42_ . Then, if there are at least two values
of C,, e.g., ¢* and ¢?, which determine different values of E, every
different value of C, in combination with y4_, will determire a
different value of E.

With the notation explained above the postulate can be stated
very simply in the symbolism of Principia Mathematica. It
will run as follows :—

(HZ, ) -7 + 6. € a p* e u D,y Cr# 0. Dy G * Oy

Now there are two other propositions which are logically
equivalent to this postulate. The first is reached by taking the
contra-positive of Postulate 5. We will call it (5a). It runs as
follows : —

(5a) Let C, . . . C, be a total cause of which E is the total
eflect. Select any one factor C, from this, and assign to the re-
mainder I',_, any fixed value y2__. Then, if there are at least
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two values of C,, e.g., c* and ¢, which in combination with 45_,
determine the same value of E, every value of C, in combination
with 42__ will determine the same value of E.

This can be put in the symbolism of Principia Mathematica as
follows :—

(Hz’ y) . c: * r e: - a =7 DG r-: (z y) T .-f e’::—"

The second logically equivalent form of Postulate 5 may be
called (6b). It is reached by substituting for the vriginal hypo-
thetical proposition the equivalent denial of a certain coniunctive
proposition, in accordance with the general principle that “if p
then ¢ " i8 equivalent to the denial of the conjunction 3 and
not-g . It runs as follows :—

(6b) Let C, . . . C, be a total cause of which E is the total
effect. Belect any one factor C, from this, and assign to the re-
meinder I',_, any fixed value y2_,. Then it cannot be the case
both that there is a pair of values of C, which in combination with
y4_, determine different values of E, and also that there is a pair
of values of C, which in combination with y3_ determine the
same value of E. This can be symbolised as follows :—

~(@z, ) * .l weln (A, Y) . R L=}

I will now make some comments on this postulate. (a) It will be
seen, on referring back to the first section of this paper, that (6)
and (Ba) are propositions of the form required to enable them to
be used as major premises in demonstrative inductions. They
are used as such by Mr. Johnson in his * Figure of Difference ™
and his * Figure of Agreement " respectively.

(b) It will be noticed that, when the conditions of (5) are ful-
filled, not only is the presence of C, relevant to the presence of E,
but also the variations of C, are relevant to the variations of E.
Postulate b may therefore be called the * Postulate of Variational
Relevance ”.  When the postulate is put in the equivalent form
(ba), and the conditions are fulfilled, the presence of C, is relevant
to the presence of E, but the variations of C, are irrelevant to the
variations of E. 8o, in this form, it may be called the * Pos-
tulate of Variational Irrelevance”. An mtereetmg example of
variational irrelevance is furnished by Prof. H. 3. Baker’s dis-
covery that gases which normally combine with exploalve violence
when a spark is passed through a mixture of them will not com-
bine at all if they be completely dry. Thus the presence of some
water is & necessary condition for any combination to take place
in the assigned circumstances. But, granted that there is some
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water present, no difference in the amount of it seems to make
any appreciable difference to the completeness or the violence of
the combination which takes place when a spark is passed through
the mixed gases.

(¢) Tt must of course be clearly understood that, when the con-
ditions of (5) are fulfilled, it follows only that variations of C,
are relevant so long as I, _, is kept fixed at the value y¢_.. For
other values of I',_, variations in C, might be irrelevant. Simi-
larly, when the conditions of (5a) are fulfilled, it follows only
that variations in C, are irrelevant so long as I',_, is kept fixed
at the value y2_ . For other values of I',_, variations in C,
might be relevant.

(d) Finally we come to the question: *Is this postulate
true ?”’ It seems to me quite certain that it is not. The fact
is that Mr. Johnson, who first stated it, has altogether ignored
the possibility of natural laws which take the form of periodic
functions. Suppose there were a natural law of the form E = C,
gin C,. Let C, be assigned a certain value. Take any value C}
of Cy. Then, for every value of C, that differs from this by an
integral multiple of 2, E will have the same value. On the other
hand, for every value of C; which does not differ from this by an
integral multiple of 2,r, E will have a different value. Thus (5b)
18 directly contradicted. Nor is the kind of law which leads to
these results at all fanciful. Such laws hold in electro-magnetism
for alternating currents and the magnetic forces which depend
on them. Thus the effect of the Postulate is to exclude all laws
which take the form of periodic functions. And there is no a
priors objection to such laws, whilst some important natural
phenomena are in fact governed by laws of this kind.

It is worth while to remark that the existence of periodic laws
answers in the affirmative a question which was raised and left
unanswered in our comments on Postulate (4). The question
was whether it is possible that a single determinate value of a
total effect should correspond to an infinite plurality of alter-
native values of the total cause. In the case of periodic laws
this possibility is realised. In our example, if C, be fixed, every
one of the infinite class of values of C, which differ from each
other by an integral multiple of 27 will determine one and the
same value of E.

(8) Mr. Jomnson’s “ Figures or INpuctioN ”. It only re-
mains to explain and exemplify Mr. Johnson’s * Figures of
Induction”. These are based on Postulate (3), 1.e., the Postulate
of the Uniqueness of the Determinate Total Effect, and on one
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form or other of Postulate (5). The ** Figure of Diffcrence ** uses
this postulate in its first form, s.e., in the form of the Postulate of
Variational Relevance. The “ Figure of Agreement ™ uses it in
the second form (Ba), t.e.. in the form of the Postulate of Varia-
tional Irrelevance. All the Figures also presuppose Postulate 4,
s.c., the Postulate of Variational Independence. And, since they
all presuppose that a certain set of determinables has been shown
to stand in the relation of total cause to a certain other set of de-
terminables as total effect, they all presuppose the two postulates
of Conjunctive Independence and of Smallest Sufficient Conditions.
For these are involved in the arguments which are used in estab-
lishing laws of the Conjunction of Determinables. We will now
consider the Figures in turn.

(1) Figure of Difference.—The premises are as follows :—

C, . .. C,is a total cause of which E is the total effect. (a).

In a certain instance a certain determinate value C¥y3__ 18
accompanied by a certain determinate value e of E. (b).

In a certain instance a certain determinate value cfy3__ is
accompanied by a certain determinate value ¢’ of E. (c).

c¥ and c? are different values of C,; and ¢ and ¢’ are different
values of E. (d).

The argument runs as follows :—

From (a), (b), and Postulate (3) it follows that every instance
of c¥ys_, is also an instance of e.

From (a), (¢), and Postulate (3) it follows that every instance of
cfy4_, is also an instance of ¢'.

From these conclusions, together with (d) and Postulate (5),
the following conclusion results : “ Corresponding to each value
of C y4_, there is a certain value of E, such that every instance of
that value of C4_, is an instance of that value of E. And for
every different value of Co2_ the corresponding value of E is
different.” That is

c""cy :zy r r*d:r

(i1) thure of Agreement.—The premises are as follows :—

¢, ... C,is a total cause of whlch E is the total effect. (a).

In o certain instance & certain determinate value ciyi_, is
accompanied by a certain determinate value e of E. (b).

In a certain instance a certain determinate value ¢fy2_, is
accompanied by the same determinate value e of E. (c).

¢* and ¢ are different values of C,. (d).
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The argument runs as follows :—

From (a), (b), and Postulate (3) it follows that every instance of
¢4 _, i8 also an instance of e.

From: (a), (c), and Postulate (3) it follows that every instance of
¢!yZ_, is also an instance of e.

From these conclusions, together with (d) and Postulate (5a),
the following conclusion results: ‘‘ Corresponding to esch value
of C,y4_, there is a certain value of E, such that every instance of
that value of C,55_, is an instance of that value of E. And for
every value of C4_, the corresponding value of E is the same,
viz., ¢.”” That is

(z.9)- e =€a,=e

I will now make some comments on these two figures. The
important point to notice is that each makes a double generalisa-
tion by means of two different applications of demonstrative in-
duction. The first generalises from a given tnstance of a given
value to all tnstances of that value. This part of the argument
rests on the Postulate of the Uniqueness of Determinate Total
Effectsa. The second generalises from a given pair of values of a
certain determinable cause-factor to every pair of values of that
cause-factor. This part of the argument rests on the Postulate
of Variational Relevance or Variational Irrelevance. The final
result sums up both generalisatious.

It may be remarked that, when we have the premises needed
for the Figure of Agreement, we can reach a mcre determinate
conclusion than when we have the premises needed for the Figure
of Difference. In the former case we know the determinate
value of E which will be present in every instance in which any
value of C, is combined with ¥2__. 1In the latter case we know
only that a different determinate value of E will be present for
each different determinate value of C, combined with 2 __. We
do not know what value of E will be correlated with each different
value of C,y2_,. To discover this we need to use the methods
of Functional Induction ; and this is a branch of Problematic, not
of Demonstrative, Induction, and so falls outside the scope of this
paper. Thus any complete inductive investigation begins and
ends with Problematic Induction, and uses Demonstrative In-
duction only in its intermediate stages. It begins with Proble-
matic Induction in order to establish Laws of the Conjunction of
Determinables. In order to get these into the form of laws which
express the relation of total cause to total effect it has to use the
kind of deductive arguments which we considered in connexion
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with Necessary and Sufficient Conditions. In order to discover
which factors in the total cause are variationally relevant and which
are variationally irrelevant it has to use Mr. Johnson’s figures,
or something equivalent to them. And, in order to discover the
detailed functional relation between variations in the total cause
and variations in the total effect, it has finally to resort to a form
of Problematic Induction.

(1) Figure of Composition.—The premises are as follows :—

C, . .. C, is a total cause of which E is the total effect. (a).

In a certain instance a certain determinate value C*2_, is
accompanied by a certain. determinate value ¢ of E. (b).

In a certain instance a certain determinate value cfy2_, is
accompanied by a certain determinate value ¢’ of E. (c).

In a certain instance a certain determinate value c¥y%_, is
accompanied by a certain determinate value ¢ of E. (d).

The three values of C, are all different, and ¢’ is different from
e. (e).

The argument runs as follows :—

From (a), (b), and Postulate (3) it follows that every instance of
c¥y/4_, is also an instance of e.

From (a), (c), and Postulate (3) it follows that every instance of
¢%y5_, i8 also an instance of ¢'.

From (a), (d), and Postulate (3) it follows that every instance of
¢yt _, is also an inatance of e.

Now it is impossible that y2_, should be the same as 55 _.
For, if we first take (b) and (d) together, and then take either (b)
and (c) together or (c) and (d) together, this would directly con-
tradict Postulate (5b), in view of (e).

The final conclusion which results is this: * Corresponding to
every different value of C, which, in conjunction with some value
of I’ _,, determines the same value ¢ of E there is a different value
of I'y_,. And, in every instance in which a certain value of C, is
present along with e and some value of I', _,, I’y _, will be present
in the value that corresponds to this value of C,.”

1 must remark that Mr. Johnson’s formulation of this figure at
the bottom of page 225 of Part I1. of his Logic seems to me quite
unsatisfactory. He there mentions only two instantial premises,
whilst it i8 quite evident from the verbal statement of the figure
which he makes earlier on the same page that a third instantial
premise is essential to distinguish this from the Figure of Dif-
ference.

We can carry the argument a step further if we now add the
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premise (f) that v4__ and 42 _, are known to differ only in the
that a certain determinable C, is present in the former in
the value ¢f and ‘in the latter in the value ¢}. In that case y2_,
can be written as cfyZ_,_,, and 7% _, can be written as y3___,.
The final conclusion then runs as follows : * Corresponding to
every different value of C, which, in conjunction with y5_ _, and
with some value of C,, determines the same value ¢ of E there is a
different value of C,. And, in every instance in which a certain
value of C, is present along with ¢ and some value of C,, C, will be
present in the value which corresponds to this value of C,.”
We may symbolise the value of E which is always present when

cfcdya_,_, 18 present by er & . The first clause of the above
conclusion can then be symbolised as follows :—
CrEey. e e = e’,':,':—f—l =€ Dy ¢ =+ Gf

The first clause of the conclusion which we reached before adding
the premise (f) may be symbolised as follows : —

C: *c}.ef;:_,=e$;:_,=e::),,,.y:_, "'7:—7‘

(iv) Figure of Resolution.—This figure is in a different posi-
tion from the others. Here we have three observations which
directly conflict with Postulate (5b) given the premiss thatC, . . .
C, is a total cause of which E is the total effect. It is evident
that, in such a case, the only solution is to suppoee that we were
mistaken in believing that every factor in C, . . . C, is aimple.
One at least of them must be a conjunction of at least two de-
terminables, e.g., K, and K,. The kind of premises which would
lead to this conclusion are the following :—

In a certain instance a certain determinate value CPyS_, is
accompanied by a certain determinste value ¢ of E. (3).

In a certain instance a certain determinate value C?y4_, is
accompanied by a certain determinate value &’ of E. (c).

In a certain instance a certain determinate value CPy%_, is
accompanied by a certain determinate value e of E. (d).

¢?, ¢}, and ¢ are all different. And ¢’ is different from e. (e).

It is evident that, if (b) and (d) be taken together, and if either
(b) and (¢) or (c) and (d) be taken together, there is a direct con-
flict with Postulate (56). The only solution is to suppose that C,
is really a conjunction of two determinables, K, and K,. In that
case ¢* may be kk,, ¢’ may be k,'k,’, and ¢? may be k,"k," ; and
the contradiction will be avoided. It seems needless to pursue
this into further detail.
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Complete Symbolic Statement of the First Three Figures.—1 will
bring this paper to an end by giving a complete symbolisation
for the premises and the conclusions of the first three of Mr.
Johnson s figures. Mr. Johnson’s own symbolism eeems to me
to be very inadequate. For the present purpose we shall need
two further bits of symbolism. (i) I will symbolise the i
that C, . . . C, is a total cause of which E is the total efect by
C,...Cy,—>E. (i) We need a symbol for the statement that
z 18 an instance of a conjunction of characteristics, A, B,C . . . Z.
I shall denote this by [AB . . . Z]z. We are now in a position
to deal with the figures of Difference, Agreement, and Com-

position.
Difference.
C,...C—-E (a
[Fva-relp (b))
" [ya- KD del  (by Postulate 3)
[eryva-l (o)
" [eva_, ¥ [e'¥ (by Postulate 3)
oy wci.exe (d)
C: + C’ . Dz,y e:: : * e’::—r : [6:7:—7]635, ,[C:’:_,]f
(by Postulate 5).
Agreement.
C,...Ci»E (a)
[cFva—selp  (B)
oo [Ya- K Dle  (by Postulate 3)
_ [0’)4 <l (o)
< [ya— ek  (by Postulate 3)
¥+l (d)
. (:’B y) T n r = e’::—r =e: [c:‘)’:—r}fjf[e}g
(by Postulate ba).
Composition.
C,...C->E (a)
[cfya- yG]P (®)
. [etya- ¥ e} (by Postulate 3)
[va-rel (o)
o levas ¥ e¥  (by Postulate 3)
[cF7a—rek d)
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oo YA, ¥ el  (by Postulate 3)
cr*c.q+cy.c) wcy.ewe (6
.S O: 4'0:.8:':_,:6:':_':61:)’,'.7:_, *7:—r
(by Postulate 5b)
Denote the value of I', _, which corresponds to ¢f by §¥4_,.
Then  [Th- K2 (Yas K-
Let I, _,=Cyi_,_, (f)
Then o * a. cf:l‘.':—'—l = e’,‘:’:—r—a =e: 3,,,5: * '33-
Denote the value of C, which corresponds to ¢f by 5.

Then i, =%0va_ros
Whence [C:Ca -—r—lelfae,scc:ﬂ—r—n]f

2, 0K
Thus the complete final conclusion is :—
or+of. e:,':,':—r—n = e:,':':—v—t

=e. 3-.10: * Og s [cfci)’:—'-:"]'f:’e, J:C:]f.
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