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; sow'rmN O THE' EQ\IA’I‘!ONS. '_ ¢ , -
The solutmn of these equahona by the method of least squa.res nges’the followmg values of the co- o8 r
efficients of the final equations: ‘ T U i I
. - ByB.P. CS8P-BP By,B.P. v CSP-—BP Retea ! o
' @ ='aut7 0008 7| (A= —6027 0 —0085 . 5 l —
[dB] ==—.3598 . .~.0003 " [bm]= —7815 - 3421 -
[ac]. = 1.3060. Co.0018 | [f] = 7068 - . 0004 ° 3 b
[amJ=. 7506 . — 863 | [om]= 2383 - = —3433 ; ) N
[ = &6 —o0002 |- [m?]':' 16.50_7 . '+ —3.236 3
The solunomof these equahona gives: = ' o : e ;; . ‘
. . . 'ByB.P, 8= 574l x+0" 12 L ¥ L 3 .
: “ By C.8.P, %= .5781 x4 0n20. - R :
| ByB.P, 0ls=—2670 dr—5600 %1+17.838, . " O ’
By C. 8. P, o =— 2669 61:-.5600 A+ 11.631.. :
' The substlttmon of these values in the mdmdunl equatxons leaves for the resxdnal coeﬁicxents the fol >
lowmgvaluefv L el o )
s T | 'B.P.andC.B.P f o EY ‘\3 ’/( )
e Star. . |— Tt T — N
o Dyp D,,z( B. P. C.8.P. . ,
) ‘. . o ,7 ! . . .
. . . e [ " n . . . _
2 - ~.036 0 —0.82 1 =019 : o )
. 1 . 050 0, 12 .24 o , i,
\ 4 I I N e L T e O L / *
- . . .016 . o -0l | =02 , \ ~ N
. o , 4. —. 040 .0 i I Lee oo . , ‘
% The compul%anons are ¢ ntamed in the accompnnymg sheets, mmkedB P 1—d C.8.P. =7 .
. y . el 8 ?
. o Ve reapectfully, ey : ' ' . .
! P v - BENJAMIN PEIRCE! s '
D A. D. BACHE,LLD,, Coe ' ' - ' )
- - Superintendent Umted States. Coaat Survey . - . .
. - i . : i & . . I3 - N ~N
e APPENDIX No.'18. - )
./‘ . . R o - (‘:\\\* -
REPORT OF DR, B. A GOULD, ON THE COMPU%ATIONS CONNECTED WITH OBSERVATIONS BY THE o ‘ o
. .. . , TELEGRAPHIC METHOD FOR DIFFERENCE OF LONGITUDE. R - A - N . .
“‘K‘ ‘ ' - | : . Oamnmnuz, Novem&er, 1863
. ) Dear’ S,n{ The vfork under my direction dunng the past yea.r has been of the same characfer as during
. the year precedu‘g, co[\slstmg in great measure of compntauons and reductions. of the field-work of former
years. The determin gtxons of six differences of longitude have been completed, and the former rednctxons
repeated wherever the new and more accurate data now at our disposal promised any apprectablu mprove-. » \
ment in the accuracy of; the main result, or-of any important collateml ones, ' o :
The subsldw.ry resulta contmue to offer new inducements to further research and bnt for the smallneas R
of .the force 4t my dxspos’nl many of the yet unexplaiied indications would have been. farther investigated. Cr .
But my pritary duty was manjfestly to complete the definite determinahons of Iongltnde, and ‘the greater PR ‘
part o of LOU- labor hae been dire ted excluswely to thm end ‘ .
' ‘9 : L - .
: ‘ - \, .
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Jure 28, 1916. t‘ﬁ,{ : ‘ . “
T ; Qiftof . F 222876 5L ' o
L - 2IPa Oharles 8. Pétrce O “ VR _ : '
\ P \ . ’ ) . s,
i 5 - : . ' \ 'RULE, CASE, AND RESULT. i
i ‘ D o A . sub- - A syllogism in the first figure argues from a Roule, and the s
‘ A l ‘ . 0 . ‘ sumption of a Cuse, to the Result of that :&, in that case.
[ RE ' o ‘ ' , o Lule: Any man is mortal, L
fl - . : ‘ ' ' ' - . ‘Casc: Napoleon I11. is a man;
1 4 A ' o . 7t: Napolegn III. is mortal.
| : @} IR B R a A —. ; L , .]Ecsu 4 \ ‘N}PO C%n | is mo ) .
o . N : : And ¢ The Rule must be universal; and the Case affirmative. 2.
.+ CONesRNING ) The  the subject of the Rule must be- the predicate f the Case, .- -
THE ARISTOTELEAN SYLL 0GIS, . ' and »._"_Res‘ult }.1;15 thc.quality of t}le rule'and the quantity ?f the case; .
- S . y : b the has'for its subject the subject of the case, and for its predicate .\
, , / predicateof the nuile. ' :
: - Dirtbuted it the Lovel Inatiinte, Kov., 1964, by Chasles B. Friros, of Cacbeidge, Mase i . h o
s . . : ™ _ THE THREE FIGURES,
. . . . : * Figure 1. .
The '%JK}‘{TITY of Propositions is the respect in which Um’vcr:- Assertion of Rule, > A E
isal and-Particular Propositions différ.  The Quarity of Proposi- o '
’ﬁqns is the-respect in which Afirmatize and Negative Propositions ;s .- Assertion of Casej; A I
¢ differ. - Co S N - . 2 '
Pl L : . Assertionof Result. B A © I ¢
& NAMES AND- SIGNS FOR PROROSITIONS, , ) . o
= . : N <
o Universal Affirmative: -8 : Any Sis P. . ) y ' .o Figure 2. o
- Particular Affirmative: £ : Some.Siis P.* 0 : . L L\ T Assertion of Rule, B i3] e
Universal Negative: * E: Any S is not P. ) e CRE o
. . e ' : Deniil of 1t; :
Particular Negative: @: Some S is not P. . D : : c;/m" of Regult; ©Ixsa -
Terms occupying the places of S and P in the above, are called i : ‘\ - /} D““‘.‘l of Case. o B .
the logical ‘Su&_/'cd’ and Predicate. ] { L \/ .  Figures, -
. ) RELATIONS ‘OF.rRoPosnxom';.’ Denial of Result, ~ X © A B
In the folloﬁ"ing diagram, the different propositions are supposed ) » Assertion' of Case A I
-to have the same logical Subject and Predicate. The lines con- - ! Dens . g . S
'necting A with O, and E with |, are meant to indicate that these o o ST enial of Rule. Q I '
connected propositions contradlct. one anc.)thex:. T.he sign = has ﬁg?d The letters A, E, 1, O, in the above “diagram are so arra..
its brf)ac_l end towards- a 1.)_r.opo.smor.1 which implies .anoth.er,, and ; that inferences can be made along the straight lines.
1ts point toward the proposition implied. ; are It is important to observe that the second and third figures ;¢
B ' S AL E | L apagogical, that is, infer a thing to be false in.order to avoid a° B
e . ' a A ] RN - ’ - false result which would follow from it. That which is thus re- v
T V><V SN | o e : A
c ¢ J .. . :
’ . . . . . v °
Qll o . I 0 - - T ‘ . )
. r i P . ‘ . ::‘!& 11§
4 1 / * : . . 9 . - . ¥ 4
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duced to an absurdity is a Case in the second figure, and a Rule -

in the third. .~ @ R v

- To contrapose two terms or propositions is to transpose them,
and at the same tiine substitute for -cach its contradictory. . The
‘second figure is derived from the first by the contraposition of the

Case and Result, the third by the contraposition of the Rule and

Result. - The Rule and Case of the first figure cannot be contra-

posed, because they already occupy the same logical position,

- other figures converts these figures into one another.

namely, that of a.premiss ; their contraposition in either of the

Let F, S, T, denote syllogisms -of the first, second, and third " -

figures, respectively. * And let s, t,-f, denote the processes of cont

" traposition of the case and result, rule and result, and rule and

case, respectively.. Then ™ =

Co 4 sF=S sS:F-i JEIEN

tF=T tT—=F - |

. fS=T fT=s .

S"=“t2=>f‘-"=‘1 :

Cf=st=ts s—ft=tf tzﬁz‘ésf' -

\ EEEEEN \ . .

The following table exhibits all the moods of Aristotelean syllo-
gism (varicties resulting from variations of the Quantity and Qual-
ity of the propositions). Enter at the top, the proposition asserting

or denying the rule; enter at the side, the proposition asserting or .
denying the'case; find in the body of the table the proposition as- .

serting or denyirig the result. Ih the-body, of the table, proposi-
tions indicated by Italics belong to the first figure, those by black
letter to the second figure, and those by script to ihe third figure.

w

I A BO
ECE
Al|FlAl B0 - -
- X Lio|w
0.,4 R

.

Two moods of the third fighre, namely, AATand E A O, are
omitled, f(‘ir two freasons, The first is that they correspond by
contraposition to two moods in the first figure, AATand E A o,
néver given by logicians, who, therefore, act inconsistently in ad-
mitting these. The second rcnson_/is, that, like those moods in the

first figure, they are virtually enumerated already, if the change -

of a proposition from universal to particular ‘be not an inference}
but if it be, then, dgain like those moods of the first figure, the ar-
gument they c?ﬁbbdy may be analyzed into a syllogism and an
inference from universal to particular. ) ' _
The celebrated lines of William Sil)'rcs\\'oo<} (?) are here given.
The vowels of the first three syllables of ¢ach word indicate the

three propositions of the syllogisms.  Ile enumerates, along with

the moods of the fiist figure, the Theophrastean’ moods (two of
which we omit for the same reason that we do those two in the
third figure). o )

Barbara: Celarent: Darii: Ferio: Baralipton :
Celunics: Dabitis Fapesmo: Frisesomorum.
“Cesgre: Camestres: Festino: Baroco., Darapti:
. . . . A ..
Felapton: Disanys: Datisi: 'Bocafdo: Ferison,
. N : / . ‘ “’:{ . ) .
The diagram upon the opposite page shows the relations in
. g . ~ - L -
which the second and third figures stand to the figst.  In order to
understand the seven syllogistic formulnslthcre‘sqt-doxm, it is

necessary to notice that propositivns may be divided into four

parts: 1st the Auy or Some, 2d the Subject, 3d the 75 or is

nof, and 4th’ the predicaté.” When a proposition admits of -
varicties in cither of, these parts, they are shown in the diagram
Do

of the first figure. Two independent variations may occur in one
formula, and the variations of different parts are independent, but
in the same part either the upper or lower line must always be
read, in any one syllogysm. .

For example, the result in the first figure has four forms; Any .
or some S is or is not I; but if Somc has been read in the case,

. by two words or letters, one above the other, as ., in the rule

some mustv,:ils'o be read in the result. Sd, in the second figure,

1




.

‘where a variation is possible in the quality of cither premiss; but
the same line of the third part of both propositions must be taken.
Fig. 1, ' Wig. 2 .. 'Fig.3 .
Ay Mda Py Ml P S0 S5 P
WS EM WSWP &Sk M
Q:,{;c S isigot P A _‘:’T:;fo S is'not M Some M i‘qi:“‘ P

o -

N

Any "OE,P is not M . Any ¢ s i”;?t P
.8 . .
A’;]';f(‘ S 18" "';,LP . Some M is Enrgcs

Some . ' isnot
W S M sone M 1 P

T

P some § 8 :
- Any noip 1900t s Any romeg 19 M
. P notp . 8
Any M 18 not p Some P 18, some 8

“Any M is not “O"’gs Some "‘3;’ is M

4

- At the top of'the diagram are given the formulas of the first fig-

ure, and of the second and third, as derived from that of the"ﬁrst

. by contraposition of the propositions.  Under the second and third
figures, ricspcctively, are given forms expressing the same argu-
ments in the first figure. It is necessary to study carefully the
manner in which this reduction to the firse figure is effected.

It will be perceived that the arrangements of the terms in the
three figures, as determined by the rules given on the second pz{ge,
are as follows : where the first letter of cach pair indicates the sub-
ject of a proposition of the syllogism and the second its predicate.

r

T TN Y AT P DA YDA LMATTO AN A oo 10

Fig. 2.

1st. . N M
2d. AL M =
3d. N P I

It is plain that there are two ways of transposing the arrange-
ments of the terms of the second and third figures without removing
a term from the conclusion, so as to give the term“the same ar-
rangement as that of the first figure.  This is shown in the follow-
ing table, where the columns headed s show the propositions whose
terms are to be transposcd, while those headed w2 show the proposi--
tions to be transposed.® ' ' o

Reduction

Reduction 2d st |past 3d | st 2d

The effect of these transpositions is here shown.
L

\

Secoxp F1Gure.
Short ﬁcd Long Red.
M ' ¥4 N» A=
M M N Mg
N . E N Nz
/

Clicunque ponitur s significatur quod propositio . . . debet converti simpliciter , . . et
ubicunque ponitur m debet ficri transpositio in praemissis.”’ — Petrus Hisp.

9«




HIRD FIGURE.

"~ Short Red. Long Red.

Ir =1 = p
P P= L II'xz
T PII np

« It must next be shown how thes
in syllogisms themselves. . R
The short reduction of the second f
syllogism of that column of the large diagram headed Fig. 2. The
term not-P is introduced. This we define as that class to which
some or any S BZIongs, when it is not P. Accordingly, for ¢ some
orany S is not P,” we can substitute ¢ some or any S is not-P,” and
this substitution is made in the reduction.  But we cannot, on that
account, substitute < any M is not-P’ for ¢ any M is not P.” For
‘any M is not P, is substituted, in the re »
M;’ and for ¢any M is P* is substituted
The only syllogisms by wl

are these : —
5

¢ transpositions may be made,

duction, ¢ any P is not
’ Y

rich these substitutions can be justified

,Any MisnotP, . Any. Mis P,
Any P is P; - Any not-P is not P;
-« Any P is not M. -*- Any not-P is not M.

Both these are syllogisms in the second figure.

The short reduction of the third figure is shown in the second
syllogism of the column headed Fig. 3. The term some-S is in-
troduced. ‘The definition of this term is that it is fhat part of S
which is or is not P when sgme S is or is not P. Hence, we can
and do substitute Any some-S is or is not P for ¢ Some S is or is
not P’ though we could not substitute ¢ Any some-S is M’ for
¢Some S is M.” ‘For ¢ Some S/isM’ we substitute ¢ Some M is
S;’ and for “Any S is M’ w¢ subs tute ¢ Some M is some-S ;’
and these substitutions are Justified by/inferences which can be ex-
pressed sy\llogistically, only iing:— !

: \

gure is shown in the second

‘any not-P is not M.

Any, Sis S, - Some S is some-S,
Some S is M; Aig' S is
.. Some Mis S. .~ Some} M is some-S.

4 -

These are both syllogisms in the third figure. _
The long reduction of the secodd syllogism is shown in the third

~syllogism of the column headed Fig. 2. Here not-P is defined as

that class to which any M’ belongs which is not P. Hence

~Wwe.can substitute ¢ Any I\I/{s not-P’ for ¢ Any M is not P Some-

S isjlefined as in the short reduction of the third figure. Hence,
for ¢ Some S is or is nm Py we can say ¢ Any Some-S is or is not
P Then, \\'c'ut‘c/k'hc inferences which are expressed’ syllogisti-
Cil“_y, thus: — /;"' :
7 .

Any WS oot P, Any *¢S §s -p,

Any..” P s P; Any notP isnot P;
,Aﬁ; P isnot ¢S . Any not P s not ¢ S-

These are both syllogisms of the second figure  Substituting
their conclusions for the second premiss of the second figure and
transposing the premisses we obtain the prcmi.s;sc§ of the reduction.
The conclusion of the reduction justifies that of the second ﬁgu\re,
by inferences which are expressed syllogistically, as follows : —

Any M is not spme-S, :‘ Any M is not S;
Some S is some-S; Any S is S;
.. Some S is not M. - Any S is not M:

Both these are syllogisms of the second. figure. :

The long reduction of the thitd figure is shown in the third syl-
logism of the column headed Fig 3. Some.S is here defined: as
that part of S which is M when some S is M. Hence, for ¢ Some
S 1s M,’ we can substitute ¢ Any Some-S is M. Not-P is defined
as in the short reduction of the second figure. Hence, in place
of ¢Some or any S is not P,” we can put « Some or any S is not-
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P In plate of « Some S is P or not-P’ we again substitute ¢ Some
P or not-P is S, and in place of “Any S'is P or not-P* we substi-
tute ¢ Some P or not-P is some-S,” in virtue of inferences which
are expressed syllogistically thus: —

Any S
Some S is .

.*. Some "Of,P is S.

S,

not P;

is Some S
Any S

. not P
-*. Some "%

some-S,
not P;
’ P;

some S.

These are syllogisms of the third figure, ¥

Then, afb premisses being transposed, we have the premisses
of the reduction. “The conclusion of the
the third figure by inferences which
thus: — '

reduction justifies that of
are expressed syllogistically,

-

Any not-P is P,
; Some not-P is M;
.. Some M ﬁ;,gpt-P.
, 4

These are syllogisms of the third figure.

Thé reduction called reductio per impossibile, is nothing more
than the repetition or ifverse repetition of that contraposition by
which the sccond and third figures have been obpained. It is not
oslcusive (that is, doessnot yield an argument with essentially the
same premisses and conclusion as that of the argiment thus to be,
reduced), but apagogical, that is, shows by the first figure that the’
contradiction of the conclusion of the second or third leads to the con-
tradiction of one of the premisses. . Contradiction arises from a dif-
ference in both quantity and qualityy- But it is to be observed that
in the contraposition which gives the second figure, a change of the
quality alone, and in that which gives the third figure,a change of the
guaniily alone of the contraposed propgsitions is sufficient. This

~shows that the two contrapositions are oé*ssentia]ly diff-rent kinds.
The reductions per 1mpossibile of the second and third figures re-
spectively involve, therefore, these inferences: — !

Aﬁy Pis P,
Some Pis M;,
. Some M is P.

Fig. 2.

The Result follows from the Case; .
*- The neggtive of the Case follows from the negative of the
- Result. :

Fic. 3.

The Result follows from the Rule;
*- The Rule changed in Quantity follows from the result changed

in Quantity. -

,

- These inferences mdy also be expressed thus: —

Fre. 2.

»

Whatever (S)is M is z

not'P;
-~ Whatgver (S) is "4 is not M.

Fie. 3.
Any

.*. Some

soni s 1s whatever (P or not-P)
M

M is;

is whatever (P or not P) *7¢ S i,

And if we omit the limitations in parentheses, which do not alter
the essential nature of the inferences, we have -

%4

”

Yoo Fié. 2.
P,

Any I\{ iS ot Pi

<. Any ™FF isnot M.
Fic. 3.

M;

some S.
S.

Any v
".+. Some

S .
some S 18

M is




We have seen above that the former of these czn only be reduced
a syllogism in the second figure, and the latter onlytooneinthe to =
ird figure. v v . third
} The ostensive reductions of each figure are also apagogical're- v rodug
lictions of the other. There are also the following : — S ' TN : ’

Any not-M is oS s, Any some-M is S S
not P

Any %% is  notM; Any comene P o is some-M

notP . “not S. some P .  gomeS.
Any p 15 ot some S. Any '

THIS PAGE ' ©FT BLANK INTENTIONALLY

some not P 19 S.‘ N . N \\
¥ But all these reductions involve the peculiar inferences we have "

nd in those which have been examined, inasmuch “as they are,

pt complications of the latter. b
g Hence, it appears that no syllogism of the second: gr third figure
gn be reduced to the first, without taking for grantéd an inference
fhich can only be expressed syllogistically in that figure from
fhich it has been reduced. “These inferences are not strictly syllo-
Istic, because one of the prepositionts taken as a premiss in the syl-

istic expression is a logical fact. But the fact that each can

ly be expressed in the second or third figure of syllogism, as the

se may be, shows that those figures alone involve tﬁ? respective

inciples of those inferences. Hence, it is proved that every fig- .

e involves the principle of the first, figure, but the second and |

rd figures contain other principles, besides. ' |

o~




