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DuRriNG the year 1881 I constructed a logical machine somewhat
similar to the well-known machine of Prof. Jevons, and printed logi-
cal diagrams for problems involving as many as ten terms.* Thxs
earlier instrament and the logical diagrams formed the basis of the
machipe illustrated on the accompanying plate, The new machine was
constructed in Princeton during the winter of 1881-82, by my friend
Prof. C. G. Rockwood, Jr., whose mechanical skill and untiring pa-
tience gave me invaluable assistance. The machine was made from
the wood of a red-cedar post, which once formed part of the enclosure
of Princeton’s oldest homestead. Tt measures 32 cm. high by 21 em.
wide and 15 cm. deep. Like the instrument of Prof. Jevons, and
that of Prof. Venn, it is constructed for problems involving only
four terms, but more readily than either of those instruments admits
of being extended for problems involving a larger number of terms.
The face of the machine (Fig. I.) prescnts to view sixteen small
pointers representing the sixteen logical combinations of the symbols
4, B, 0, and D, with their negatives a, §, ¢, d. These combinations
are 8o arranged that all the A4 combinations are found in the two verti-
cal columns to our Jeft, the @ combinations in the two vertical columns
to the right. The A4 combinations are subdivided vertically mto the
B and b combinations, and the a series in like mauner. Both are also
subdivided horizontally into the O and e combinations, and each of
these again into the D and o combinations. Thus the uppermost
pointer to the left represents the combination 4 B (' D, the horizon-
tally adjoining one 4 & €' D, the next ¢ B (' D, and s0 on until we
veach the lowermost to the right, whichisa b ¢ d. Below the point-
ers may be seen the two operation keys marked 7 and 0, and the four
mv& and four nagntwa letter keys under t;heu' wspectwe aymbols
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The 1 key may be called the restoration Ley. It prepares the ma-
chine for a new problem, by raising all the pointers to the horizontal
position. The ¢ key may be called the destructivn ley, as when
pressed down it allows the pointers to fall. The function of a letter
key is to sustain in the horizontal position the pointers representing the
corresponding negative combinations, Thus, if the A key is pressed,
the a pointers are sustained; if the & key is pressed, the 3 pointers are
sustained ; and similarly for all the remaining letter keys.

Turning now to Fig. IT., the mechanism by which this is effected will
be easily seen. On the inner face of the machine, and corresponding
to the pointers, are sixteen drops, some of which are pictured in the
horizontal position, and some as fallen. The two operation keys move
rectangular frameworks, each consisting of four vertical brass rods
fastened together, and carrying pins which reach all of the sixteen
drops. The framework of the 0 key moves on the inner, that of the
1 key on the outer side of the drops, both horizontally, If we wish
to bring all the pointers to the horizontal position and hold them
there, both operation keys are pressed down. The 7 key raises all the
drops. Releasing first the 0 key, its framework is drawn back by a
fixed spring, and by means of its pins holds the drops in position ; on
 releasing the 7 key, its framework is drawn back so as not to interfere
with subsequent operations. Each letter key operates two vertical or

‘two horizontal rods, free to revolve on their axes. In each rod are
set four pins, conveniently bent, so that when the rods are partially
revolved, by pressure of the letter keys, the pius are made to sustain
the drops 1n the horizontal position without raising.those which have
fallen. Tlie rods return to their original position, by means of small
spiral springs, as soon as the pressure of the letter keys is released.
The desired motion is communicated to the rods by means of cat-gut
strings, there being two such strings from each letter key. Thus the
4 key operates the two vertical rods which are to hold the a drops;
the & key the rods for holding the B drops; and the other letter kevs
in Jike manner. By this device it will be seen that, if we should press
the 4 key (this holds the combinations), and then the 0 key, only
thﬁdpmmers will fall; or, if both the 4 and B keys are depressed
(this holds the & and & combinations), and then the ¢ key, only the
A po&mm n fall, and similarly for the other combinations.

To utilize the instrument for the solution of logical problems, we
firat raise all the pointers to the horizontal position. This will iudi-
cate the state of a logical universe of four terms before the introduce
tion of premises. Now, since the establishment of an ¥ combination



means the negation of some othere we may expross our premises in
negative form. Thus, in general, o =< B every o is )y may be
expressed o b =<2 07 (A’ which are & do not exist),  This we express
upon our machine Ly pressing down the letter keys 4 and &, amd (hen
the destruction key.  The falling of the A b pointers indieates exactly
the ehange effeeted in the logical universe by the introduction of the
premise 4 —< . We may then continue to impress as many prem-
ises as we please, until all the pointers have fullen,  The following
formule * will suffice to illustrate the manner in which premises may
be reduced from the positive to the negative form.

Posltivo Form. Negative Form,
(1) 4-<B. . . . ... A b~ 1,
(dec—<<0O.

R)y A4+B-<C. . . . . L e B

B) A—<B4HC. . . . . Adbc-<0

_ (A Be-< 0.
() d-<b4CD . . .. gpi<

() AB-<C. . . . .. ABe-<o

. (A b~ (2

6) A-<BC. F
{ Bd-—< 0

(1) A (B+ )< D 14040

48 0.
8) 4-<B(C+D) . . . {Acf—{().

Having expressed our premises upon the machine, and their cffvet
being recorded by the pointers, it ouly remaius for us to read ofl the
conclugion, The entire conclusion is represented by the fallen poiut-
ers, and might be expressed as their joint sum; or it may be viewed
as the logical sum of the combinations represented by the horizontal
pointers. Thus, the premises of Barbara, 4 -< 8 and B - (), give
as the entire conclusion read negatively,

AbC
A (Jr."
Aijes
a lBe

* The sign —< is that used by Mr. C. 8. Peirce for the general sign of in-
ference. A —< B means, if 4, then 8. Viewed in the light of class extension,
it means the class 4 is included in the class B, The sign of addition is here
used in the non-exclusive sense; thus, A -~ B means cither 4 or B, or both.
The expression A B means, when designating & class, the individuals which
belong to both classes 4 and B ; when designating a quality, the combination

‘of the qualities 4 and B. ' e TR e e e
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Read positively, the corzclu-siim 18,
ABCH+aB Cdab Ctabe=1,

or, more briefly,
BC+ ab=—=1.

Ordinarily, the conclusion called for is part only of the total con-
clusion. Thus, syllogism with the above premises asks for a concla-
sion involving only 4 and €. An ins pection of the dial-plate will
show us the conclusion 4 ~< G, and also other conclusions involving
relations between other terms than 4 and C; thus,

¢ (d+B8)~< 0; b—< a4 ¢ ete.

- Nor is it necessary that our conclusions should be limited to relations
‘between terms given in the premises, as may be seen in the solution

Proerex I.

suppose that there are four girls at school, Anna, Bertha,
Dora, and that some one had observed that

er either Anna or Bertha (or both) remained at home,
18, was out, Anna was out; and
Cora was at home, Anna was at home.
s here conveyed concerning Dora ? _
capital letters the fact of remaining at home, and

Vhenever

f going out, our premises are

th&;awrll result the state
e may read off the con-

I hﬁ all “t hf@-ma- or _. i



ProsrLem I1I1.

If A = B and B == (, what may be said of D?
Impressing upon the machine our premises,

the same state of the logical uuiverse is produced as by the premises

of the preceding problem. Ilence,
D~ ABCHabe
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