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The original liberal arts 

liberal ς    Originally, the 
ŘƛǎǘƛƴŎǘƛǾŜ ŜǇƛǘƘŜǘ ƻŦ ǘƘƻǎŜ ΨŀǊǘǎΩ 
ƻǊ ΨǎŎƛŜƴŎŜǎΩ ǘƘŀǘ were 
ŎƻƴǎƛŘŜǊŜŘ ΨǿƻǊǘƘȅ ƻŦ ŀ ŦǊŜŜ 
ƳŀƴΩΤ ƻǇǇƻǎŜŘ ǘƻ servile or 
mechanical. In later use, of 
condition, pursuits, occupations: 
Pertaining to or suitable to 
persons of superior social station; 
ΨōŜŎƻƳƛƴƎ ŀ ƎŜƴǘƭŜƳŀƴΩ όWΦύΧ 
Directed to general intellectual 
enlargement and refinement; not 
narrowly restricted to the 
requirements of technical or 
professional training. Freq. in 
liberal arts. ς O.E.D. 
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Subjects of study 

The origin of BA, bachelor 
of arts, and MA, master of 
arts: 

 

Trivium 

Logic; Grammar; Rhetoric 

 

Quadrivium 

Arithmetic; Geometry; 
Music; Astronomy 

Logic was originally part of 
the language arts and not 
the mathematical 
sciences. 

Further study led to Ph.D., 
doctor of philosophy, 
originally only in law, 
medicine, and theology. 
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 Trivium 
The three arts of language 

Å ars logica (logic) ς the art of 
correct reasoning (thinking) 
 

Å ars grammatica (grammar) ς the 
correct use of combining symbols 
to express thought 
 

Å ars rhetorica (rhetoric) ς the art 
of communication (as in 
instruction and persuasion) 
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Quadrivium 
The scientific study of numbers 

Arithmetic 
pure number 

 
 
 

Geometry 
number in  
space 

 

Music 
number in  
time 
 
 
Astronomy 
number in  
space and  
time 
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Algebra 

Å²ƻǊŘ ŎƻƳŜǎ ŦǊƻƳ !ǊŀōƛŎ άŀƭ-jabrέΣ ƳŜŀƴƛƴƎ 
άǊŜǎǘƻǊŀǘƛƻƴέ ƻǊ άǊŜǳƴƛƻƴέ 

ÅTechnique originates in India as described by 
Brahma Gupta 

ÅDefined as a system for computation using 
letters or other symbols to represent 
numbers with rules for manipulating these 
symbols 

ÅWhat are the advantages to using symbols? 
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Solving ὼ ὥὼ ὔ 

Solution in words: Cube one-third the coefficient of x; add to it 
the square of one-half the constant of the equation; and take the 
square root of the whole. You will duplicate this, and to one of 
the two you add one-half of the number you have already 
squared and from the other you subtract one-half the same. You 
will then have a binomium and its apotome. Then, subtracting 
the cube root of the apotome from the binomium, the 
remainder is the value of x. 

Equation in algebra: 

ὼ ὥσϳ ὔ ςϳ ὔ ςϳ ὥσϳ ὔ ςϳ ὔ ςϳ  
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Precise and Imprecise Statements 

Indian food is better than American food  VS. 
Indian food is less fattening than American food 

ÅPrecise statements can be false, e.g. 
!ǊƛǎǘƻǘƭŜΩǎ [ŀǿǎ ƻŦ aƻǘƛƻƴ: 

1. Heavier things all faster, the speed being 
proportional to the weight. 

2. The speed of fall of a given object depends 
inversely on the density of the medium it is 
falling through 
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Inclined Plane Experiment 

Galileo observed that with no friction (rolling): 
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Inductive reasoning 

DŀƭƛƭŜƻΩǎ method: a posteriori reasoning 

 

Leads to an empirical conclusion 

 

ÅA body moving on a level surface will 
continue in the same direction at a constant 
speed unless disturbed. 

DŀƭƛƭŜƻΩǎ [ŀǿ ƻŦ Inertia 
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Deductive reasoning 

DŀƭƛƭŜƻΩǎ method: a priori reasoning 

 

Via reductio ad absurdum 

 

ÅAll bodies, regardless of weight, fall to the 
earth at the same rate in the absence of 
resistance. 

DŀƭƛƭŜƻΩǎ [ŀǿ ƻŦ CŀƭƭƛƴƎ bodies 

1/22/2010 11 ISLA 2010 

Falling Bodies 

Galileo theorized that without air resistance: 

light 
heavy 

light 

heavy 
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Confirmation 
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What is logic? 

A (now formal) language of formal expressions 
(now logical formulae) which express the truth 
or falsity of a given situation. (Now studied in 
symbolic notation as a part of mathematics.) 

 reasoning description 

Å notion of deduction Å concept of evaluation 

Å proof theory Å model theory 

Å 20
th

 century ς purely 
symbolic manipulation 

Å 20
th

 century ς execution 
of an algorithm 
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Term logic 

A term can be a thing, concept, or class. 

Classes defined by properties (e.g. man) in 
extension (e.g. men). 

 

combinations - intersection; union; complement 

 A B 
A ᷊  B 

A ᷾  B 
A  B 
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Propositions in 
subject predicate form 

  Quantity 
Quality 

Mood Quantifier Subject copula Predicate 

Universal 
affirmative 

A All S are P 

Universal 
negative 

E No  S are P 

Particular 
affirmative 

I Some  S is  P 

Particular 
negative 

O Some  S is not  P 

1/22/2010 16 ISLA 2010 

Syntax Diagram for Term Logic 

  Statement 

Predicate Subject 

quantifier subject copula predicate 

όΨ$k / "kΩύ term term όΨ¶Ωύ 
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Square of opposition 
A 

I E 

O 
1/22/2010 18 ISLA 2010 



1/22/2010 

4 

Logical Argument 

Is any chain of valid reasoning. Basic components: 

Equivalence: 

 

 

Implication: 

 

 

But the most studied (back then) was the syllogism. 

! ҭ Ҙ h Every S is a P ҭ  ¬  Some S is a P 

9 ҭ Ҙ L No S is a P ҭ  ¬ No S is a P 

! Ҧ L If Every S is a P then Some S is a P 

9 Ҧ h If No S is a P then Some S is not P 
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Syllogism 

Syllogistic forms have mood and figure: 

 

 

 

 

S is always the subject of the conclusion. 

The middle term M appears in both premises. 

P is always the predicate of the conclusion. 

 

 

Structure example form mood 

Major premise All men are mortal. M-P A 

Minor premise All Greeks are men. S-M A 

Conclusion All Greeks are mortal. S-P A 
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Syllogistic Forms 

 

 

 

 

Example (3rd figure) 

 

Figure 1st  2nd  3rd  4th ways 

Major premise MςP PςM MςP PςM 2 

Minor premise SςM SςM MςS MςS 2   

Conclusion SςP SςP SςP SςP 1 

All M is P A 

Some M is not S O 

Some S is not P O 

Major 
premise 

M appears 
with P 

Minor 
premise 

M appears 
with S 
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Enthymemes 

Å An enthymeme is an abbreviated syllogism. It 
contains a conclusion and one of the premises, 
the other premise being implied. 
 

ExampleΥ  WƻƘƴ ǿƛƭƭ Ŧŀƛƭ Ƙƛǎ ŜȄŀƳ ōŜŎŀǳǎŜ ƘŜ ƘŀǎƴΩǘ 
studied. 
Explicit premiseΥ WƻƘƴ ƘŀǎƴΩǘ ǎǘǳŘƛŜŘΦ  
Å²ƘŀǘΩǎ ƳƛǎǎƛƴƎΚ 
Implicit premiseΥ !ƴȅƻƴŜ ǿƘƻ ŘƻŜǎƴΩǘ ǎǘǳŘȅ Ŧŀƛƭǎ Ƙƛǎ 
exams 
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Sorities 

ÅA chain of syllogisms in which the conclusion 
of each is the major or minor premise of the 
ƴŜȄǘΦ CǊƻƳ ǘƘŜ DǊŜŜƪ άsorosέ ƳŜŀƴƛƴƎ άƘŜŀǇέ 

 

Example: The soul is a thinking agent; A thinking 
agent cannot be severed into parts; That which 
can not be severed cannot be destroyed; 
Therefore the soul cannot be destroyed. 
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[ǳƭƭΩǎ Ars Magna (Great Art) 

11th century spanish monk, pseudo-scientist, 
poet, Ramon Lull.  Thought that truth of religion 
could be deduced by reason alone, and that all 
knowledge is formed by composite terms of a 
few basic principles. 

His diagrams use symbols to stand for 
words and phrases.  Concentric circles 
contain two or more sets of terms, and 
inner circles are rotated to obtain all 
possible combinations. 
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[ǳƭƭΩǎ 5ƛŀƎǊŀƳǎ 

Lƴ CƛƎΦ пΣ ά!έ ǎǘŀƴŘǎ ŦƻǊ 
God, and B ς R stand 
for various attributes 
of God.  Each of the 
240 permutations of 
the two letter 
combinations tell us a 
new truth about God 
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[ŜƛōƴƛǘȊΩǎ aŀǘƘŜƳŀǘƛŎǎ ƻŦ ¢ƘƻǳƎƘǘ 

Wanted to analyze all types of logical inferences, 
not just syllogisms, by extending Aristotelian logic 
to a symbolic calculus, called a universal 
characteristic, which would be a precise language 
governed by formal, algebraic rules of reasoning. 
 άLŦ ŎƻƴǘǊƻǾŜǊǎƛŜǎ ǿŜǊŜ ǘƻ ŀǊƛǎŜΣ ǘƘŜǊŜ ǿƻǳƭŘ ōŜ ƴƻ ƳƻǊŜ ƴŜŜŘ 

of disputation between two philosophers than between two 
accountants.  For it would suffice to take their pencils in their 
hands, to sit down to their slates, and to say to each other:  
Let us calculateέ 
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²ƻǊƭŘΩǎ ŦƛǊǎǘ [ƻƎƛŎ aŀŎƘƛƴŜ ς Stanhope 
Demonstrator 

18th century British statesman and scientist 
Charles Stanhope created a device for solving 
ǎȅƭƭƻƎƛǎƳǎΦ  IŜ ŎƻƛƴŜŘ ǘƘŜ ǿƻǊŘǎ άHolosέ ŦƻǊ ǘƘŜ 
ƳƛŘŘƭŜ ǘŜǊƳ ƻŦ ŀ ǎȅƭƭƻƎƛǎƳΣ άƘƻέ ŦƻǊ ǘƘŜ ƴƻƴ-
ƳƛŘŘƭŜ ǘŜǊƳ ƛƴ ǘƘŜ ŦƛǊǎǘ ǇǊŜƳƛǎŜΣ ŀƴŘ άƭƻǎέ ŦƻǊ 
the non-middle term in the second premise.  His 
ŘŜƳƻƴǎǘǊŀǘƻǊ ŘŜǘŜǊƳƛƴŜǎ ǿƘŀǘ ǊŜƭŀǘƛƻƴ ƻŦ άƘƻέ 
ǘƻ άƭƻǎέ Ŏŀƴ ōŜ ŘŜŘǳŎŜŘ ōȅ ǊŜƭŀǘƛƴƎ ŜŀŎƘ ǘŜǊƳ ǘƻ 
ǘƘŜ άholosέΥ  ŀŘŘ άƘƻέ ǘƻ άƭƻǎέ ŀƴŘ ǎǳōǘǊŀŎǘ 
άholosέΦ 
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Operation of Demonstrator 

¢ƘŜ άholonέ ǾƛŜǿǎ ǘƘŜ άholosέΣ ǘƘŜ ƎǊŀȅ ǎƭƛŘŜ 
ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ άƘƻέΣ ŀƴŘ ǘƘŜ ǊŜŘ ǘǊŀƴǎǇŀǊŜƴǘ ǎƭƛŘŜ ƛǎ 
ǘƘŜ άƭƻǎέΦ  ²ƘŜƴ ŀ ǇǊŜƳƛǎŜ ǊŜƭŀǘŜǎ ŀ ǘŜǊƳ ǘƻ ά!ƭƭέ ƻŦ 
a middle term, push the slide for that term over the 
entire holon.  When a premise relates a term to 
ά{ƻƳŜέ ƻŦ ŀ ƳƛŘŘƭŜ ǘŜǊƳΣ ǇǳǎƘ ǘƘŜ ǎƭƛŘŜ ŦƻǊ ǘƘŀǘ 
term over part of the holon.  When a premise 
ǊŜƭŀǘŜǎ ŀ ǘŜǊƳ ǘƻ άbƻƴŜέ ƻŦ ŀ ƳƛŘŘƭŜ ǘŜǊƳΣ 
withdraw the slide.  If there is an overlap in the 
holon, then an identity is established between the 
ǘǿƻ ǘŜǊƳǎ όǘƘŜ άƘƻέ ŀƴŘ ǘƘŜ άƭƻǎέύΦ 
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Demonstrator Operation Example 

1. All M is some not-A (No M 
is A) 

2. All B is some M (All B is M) 
Holos ς M,  
Ho (gray slide) - άǎƻƳŜ ƴƻǘ-!έΣ 
Los (red slide) - άŀƭƭ .έ 
Push the ho over all of M and 
the los partially covering M. 
The red and gray overlap, so 
you obtain All B is some not-A 
(No B is A) 

1/22/2010 30 ISLA 2010 

WŜǾƻƴΩǎ logical system 

19th century British economist and logician, 
William Stanley Jevons. (Like Venn diagrams.) 

Premises Combinations Conclusions 

All A is B ABC 

No B is C Abc Some A is C 

from All A is B 
AbC from No B is C 

Abc 

Notes: aBC 

Å lower case is negation aBc Some A is C 

Å juxtaposition is consistency abC Some A is C 

abc Some A is C 
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WŜǾƻƴΩǎ Logical Piano 

Face of piano has 16 
combinations of four terms in 
four rows and columns.  
Keyboard has 21 keys:  eights 
keys on the left for the four 
terms and their negations, and 
a mirror image of those eight 
on the right, and five 
operation keys.  Copula key 
corresponds to = in logical 
equation, finis key for reset, 
full stop key for end of 
ŜǉǳŀǘƛƻƴΣ ǘǿƻ ϊμϊ ƪŜȅǎ ŦƻǊ άƻǊέ 
relation. 
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WŜǾƻƴΩǎ Logical Piano Operation 

Equation is entered by 
pressing keys, and the 
face of the piano removes 
inconsistent propositions 

Example: A = AB i.e. 
All A is A & B, or All A is B 

Keystrokes:  A on left, 
copula, A on right, B on 
right, full stop 

�^�/�š���Á���•���š�Z�����(�]�Œ�•�š���•�µ���Z��
machine with sufficient 
power to solve a 
complicated problem 
faster than the problem 
could be solved without 
�š�Z�����u�����Z�]�v���[�•�����]���X�_ 
 

-- Gardner [p. 91] 
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aŀǊǉǳŀƴŘΩǎ [ƻƎƛŎ aŀŎƘƛƴŜ 

19th century American 
logician, professor of art and 
archaeology, Allan 
Marquand.  His machine is 
similar to WŜǾƻƴΩǎ , but uses 
ten keys instead of 21:  four 
terms and their negations, 
plus two operation keys, 0 
and 1.  The face of the 
machine has 16 pointers 
representing the truth or 
falsity of each combination 
of terms.  
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aŀǊǉǳŀƴŘΩǎ Machine Operation 

Example: A È B can be 
restated negatively as true 
!Ωǎ Ŏŀƴƴƻǘ ōŜ ŎƻƳōƛƴŜŘ 
ǿƛǘƘ ŦŀƭǎŜ .ΩǎΦ tǊŜǎǎ ǘƘŜ ! 
and b keys and 0, which 
causes the pointers for all 
combinations with Ab to 
fall. 

Operation:  Machine 
starts with all pointers at 
true (horizontal).  
Premised are entered (in 
negative form) by pressing 
the letter keys 
simultaneously and then 
the 0 key, which causes 
the pointers with that 
letter combination to drop 
(vertical position) 
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Limitations of categorical reasoning 

ÅDid not treat complex statements formed by 
Boolean combinations of simple statements. 
(Later treated by Megarians and Stoics.) 

ÅNo relationships: comparisons such as orderings 

ÅNo functions: 19th century logician Augustus 
DeMorgan noted that the inference all horses 
are animals, therefore, the head of a horse is the 
head of an animal is beyond the reach of 
Aristotelian logic. 
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Symbolic logic 

ÅThe most serious problem was not 
conceptual, but rather notational. 

ÅA lack of variables: without an algebra, 
symbolic reasoning was nearly impossible 

 

ÅGeorge Boole (19th century English 
mathematician and philosopher) developed 
an Algebra of Logic (Boolean algebra) 
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