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Introduction 

In contemporary thought, matters dealing with the application of mathematics would 

generally apply to fields of science, engineering, etc. In my view, this notion of mathematical 

application is somewhat limited. I would like to examine the use of mathematics as a conceptual 

device in the expression of ideas. To do this, I would like to focus on the philosophy of Plato. I 

have chosen to look at Platonic dialogues because of the importance that Plato himself places on 

mathematics and the fact that there are many separate instances throughout his dialogues in 

which he uses mathematics to express or clarify his philosophical arguments. I think that an 

examination of these instances will demonstrate the potential for the expansion of mathematical 

application in the expression of ideas. 

I have chosen to look at two Platonic dialogues in particular which I think provide the 

clearest examples of Plato's use of mathematical illustrations. I will look first at the Meno and 

then at the Phaedo. While there are certainly many other places throughout Plato's dialogues 

where he makes use of mathematical illustrations, I think that it is easier to deduce Plato's 

motivation for using mathematical illustrations in the Meno and Phaedo than in other dialogues. 

Plato makes use of mathematics to clarify certain ideas he presents in the Meno. I will 

examine three instances of Plato's use of mathematical illustrations in this dialogue. Plato's first 

use of a mathematical example to illustrate further his point begins at 73e. Here Socrates is 

asking Meno to provide a definition of virtue. Meno is imable to do this, as he merely lists 

different examples of virtue instead of providing an all-encompassing definition. To clarify what 



he would like from Meno, Socrates presents a mathematical illustration. He claims that while 

roundness is a type of shape, it is not shape itself. Socrates then asserts that what applies to this 

mathematical example also applies to virtue. 

His second use of a mathematical argument in the Meno begins at 82a with Socrates' 

demonstration of elenchus with the slave boy. Socrates intends to use the demonstration to show 

that learning, in the conventional sense, is possible and is really nothing more than recollection. 

Plato's use of a mathematical argument with the slave boy is largely pedagogical. He uses 

Socrates' demonstration with the slave boy to describe the process of recollection and to 

illustrate the relationship between an individual and knowledge. Socrates presents the slave boy 

with questions about geometry, namely, questions about the relationship between the sides of a 

square and its area. He uses the elenchus to guide the slave boy toward a conclusion about the 

length of the sides of a square with an area of 8 feet. Since the slave boy eventually reaches the 

correct answer with no other guidance apart from the elenchus, Socrates concludes that this does, 

in fact, demonstrate that learning is merely recollection. 

A third mathematical illustration, given at 86e, is also presented to more fully express 

Socrates' argument. Here Socrates is concerned with the question of whether or not virtue can 

be taught. In order to examine this question, Socrates suggests that a hypothesis be formed. This 

is yet another instance of the claim that the concepts used in a mathematical illustration can be 

extended to concepts of morality. Socrates asserts that just as a geometer forms a hypothesis to 

investigate a geometrical problem, it is also possible to form a hypothesis to investigate whether 

or not virtue can be taught. 

I will examine two instances of Plato's use of mathematical illustrations in the Phaedo. 

The first illustration I will examine in this dialogue is foimd in the passage beginning at 102b. 



Here Plato tries to describe the relationship between two opposite Forms. He concludes that no 

object can simultaneously participate in opposing Forms and then uses this argument to establish 

the soul as the cause of life in the body, rather than the body's participation in the Form of Life. 

He begins to examine the relation of one opposite to another by considering the height of one 

man in relation to another. This example gives a misleading impression of the relationship 

between the Forms, so he proceeds to examine the exact nature of the relationship between 

opposite Forms. In this examination, he presents three seemingly different sets of opposites: hot 

and cold, odd and even, and life and death. The relationship between odd and even, the 

mathematical aspect of the argimient, serves to cormect all three types of opposites. The 

resultant presentation of the relationship between life and death shows how the soul is the cause 

of life in a body, and it is this argument that Plato then uses as the basis for bis proof of the 

immortality of the soul. 

The second mathematical illustration I will examine in the Phaedo is the refutation of the 

attunement argument, which begins at 85e. The attimement argument maintains that the soul is a 

type of harmony, or attunement. A harmony is produced by the attunement of a lyre and is 

described as being a divine composite of the physical lyre and strings when they are present in 

the appropriate amount and proportion. The harmony created by a lyre and strings is analogous 

to the soul because it is divine, while the lyre and strings themselves are physical, which then 

might be compared to the body in this sense. The soul, then, is a mixture of elements of the body 

that are present in the appropriate amount and proportion. The refutation of the attunement 

argimient is a response to Simmias as part of Socrates' argimient for the immortality of the soul. 

Simmias suggests that the claim Socrates is making about the immortality of the soul does not 

hold if the soul is appropriately compared to harmony. A harmony is created when the elements 



of which it is composed are in the correct amount and proportion. Thus, if any of these elements 

is distorted, the harmony is destroyed. Simmias claims that this must also be true for the soul. A 

distortion in the elements of the body-an illness, for example-would distort this mixture of things 

in the soul, and the soul would be destroyed by such a distortion, as the harmony of the soul 

would no longer exist. 

While most of the mathematical illustrations used in the Meno and in the Phaedo are also 

presented along vsdth some other non-mathematical illustration, the use of mathematics is found 

consistently throughout. The use of mathematical examples rather than some other alternative 

can be advantageous to the expression of an argument for several reasons. To begin with, simple 

mathematics is often viewed as a sort of universal means of communication. Thus, a simple 

mathematical illustration drawn from basic mathematical principles would be a clear, logical 

example that the average individual would be able to understand. Furthermore, it might 

sometimes be the case that a mathematical illustration is the best possible example for the 

portrayal of the argument in question. In fact, in some cases, it might even be that the only way 

for the argument to work properly is for it to be viewed in terms of mathematical principles. The 

combined effect of using each of these instances of mathematical illustrations creates a general 

sense in which mathematics can be used in the expression of ideas. 



Mathematical Illustrations in the Meno 

A Correspondence Between Shape and Virtue 

The first mathematical illustration that is of interest in the Meno is the notion of a 

correspondence between shape and virtue, which begins at 73e. In Socrates' initial discussion 

with Meno about virtue, Socrates uses shape as an example to clarify the argument that he would 

like to make to Meno about virtue. Here Socrates engages Meno in an attempt to come up with a 

definition of virtue. Socrates is trying to distinguish between what all virtues have in common 

and those things that are different types of virtue. Meno, for example, claims that justice is 

virtue. In response, Socrates asks him whether justice is virtue or whether it is actually a 

particular virtue. In order to illustrate this distinction, Socrates employs a mathematical 

example. Roundness, he explains, is a type of shape but is not shape itself because there are 

other shapes. Then, since many other virtues can be named in addition to justice, just as many 

other shapes can be named in addition to roundness, there is still no all-encompassing definition 

of virtue to be found. Here Socrates tells Meno that he must first answer these questions about 

shape so that he might practice for his answer about virtue. 

Socrates' most important claim to support his use of mathematics to express his 

arguments here is what he says next at 74b: ".. .but I am eager, if I can, that we should make 

progress, for you understand that the same applies to everything." Specifically, what is true 

about these mathematical concepts is also true about a concept of morality. The relationship of 

roundness to shape is directly parallel to the relationship of justice to virtue. This being the case, 

if one can find some term to describe that thing that all shapes have in common, that thing which 

causes each of them to be called a shape, then such a feat must also be possible for virtue-that is. 



it should be possible to find that term which describes virtue itself, rather than merely listing 

different examples of virtue. The significance of a direct correspondence between mathematical 

concepts and concepts of morality is stated explicitly by Socrates at 75a: understanding the 

mathematical concepts is practice for understanding concepts of morality. The demonstration 

with the slave boy can be seen as this same situation on a larger scale. 



Mathematics in the Slave Boy Demonstration 

Introduction 

The second mathematical illustration of interest in the Meno is the slave boy 

demonstration that is presented at 82a. The demonstration is a direct response by Socrates to the 

debater's paradox that Meno presents at 80d. Socrates suggests that this paradox can be resolved 

with the idea of recollection. The slave boy is led through a series of questions aimed at getting 

him to come up v^th the length of the sides of a square with an area of 8 feet. Socrates claims 

that the boy is able to come closer to the correct answer by recalling some previously acquired 

knowledge, rather than being taught the correct answer. 

The most explicit use of mathematics in the demonstration with the slave boy is as an 

example of the process of recollection. Meno has just presented Socrates with a paradox: how it 

is possible for a man to search either for what he does know or what he does not know? If he 

searches for what he does not know, how will he recognize it when he sees it? If a man does 

know something, then there is no need to search for it. By this reasoning, it is not possible to 

learn anything new; thus, there is no need for an individual to seek to acquire knowledge. 

Socrates responds by claiming that the idea of recollection can resolve this paradox. This is the 

point at which Plato employs Socrates' demonstration with the slave boy. 

While Socrates' explicit claim that the slave boy demonstration is an example of the 

process of recollection, there may be an additional motivation for its use in this passage. The use 

of elenchus between Socrates and the slave boy to develop the boy's understanding of the correct 

answer to the geometrical problem is parallel to the use of the elenchus between Socrates and 

Meno to develop Meno's understanding of virtue. Here again the concepts involved in the 

mathematical illustration with the slave boy can be extended to concepts about virtue. The fact 



that the elenchus between Socrates and the slave boy is used to aid the slave boy in moving from 

a state of false belief about the geometrical question to a state of ignorance and finally to a state 

of true belief suggests that the same can be done for Meno. If Meno continues to participate in 

the elenchus with Socrates, he should potentially be able to obtain true belief about virtue. 

Slave Boy Demonstration 

The explicit use of the demonstration as an example of the process of recollection might 

not, however, be an entirely accurate picture of what Plato is trying to say in this passage. The 

demonstration is not fully convincing as a successful example of the process of recollection. 

Plato introduces the idea of recollection at 81a where Socrates claims to have heard about it from 

priests and poets. Given Plato's general opinion about faultiness of information acquired from 

such sources, the validity of the slave boy demonstration immediately following must be cast 

into some measure of doubt, or at least must be read with caution. Furthermore, the nature of the 

Socrates' questioning of the slave boy does not seem to be entirely straightforward. It is true that 

he does not explicitly give answers to the slave boy, but many of his questions are suggestive of 

the correct answer. Thus, the fact that the demonstration does not necessarily provide a concrete 

example of recollection seems to suggest that it might have a different purpose. 

The interaction with the slave boy is intended to provide an example of what Socrates 

means by recollection. The idea of recollection is cormected to reincarnation. It is based on the 

notion that the soul is immortal and is constantly reborn. Being reborn any number of times, the 

soul has presumably seen all things, and, therefore, there is nothing that it has not learned. As a 

result, it is not possible for the soul to learn anything new. What is generally considered 

learning, i.e., acquiring knowledge that one did not previously possess, is not actually le£iming at 



all. Rather, it is only a recollection of that which the soul already knows. Socrates then goes on 

to suggest that if it is true that there is no learning but only recollection, then there would be no 

such thing as teaching. Instead, all that would be necessary for an individual to "learn" would be 

a willingness to search for the knowledge within him/herself 

Socrates presents the idea of recollection as something that was related by poets and 

priests. The fact that he seems openly willing to use poets and priests as a source of information 

makes his belief in the validity of the idea of recollection suspect from the start, as Plato has 

made it clear in other cases that the opinions of poets are not to be trusted. Furthermore, even if 

such expressions were deemed to have some measure of truth, they could not be considered true 

in any absolute sense, as Plato has claimed that poets are only capable of attaining a 

metaphorical expression of the truth. Nevertheless, this is how he intioduces the idea of 

recollection at 81a. Socrates' presentation of recollection is also slightly distorted by the maimer 

in which he questions the slave boy. Many of the questions he poses to the slave boy are 

suggestive of the correct answer. This makes it less believable that the slave boy is merely 

recollecting the information. 

The mathematical argument presented by Socrates here also serves to illustrate some 

more subtle aspects of Plato's philosophy. The slave boy demonstration might possibly serve as 

a demonstration of the legitimacy of using the elenchus to pursue knowledge. The 

demonstration with the slave boy is a means by which Plato seeks to demonstrate the progression 

of an individual through different levels of understanding. The slave boy progresses from one 

degree of understanding to another as Socrates questions him. Thus, the slave boy starts out in a 

state of ignorance before the questioning begins. He does not initially know the length of the 

line of a square with an area of 8 feet, but, as Socrates questions him, he comes to think that he 

10 



does. He thus moves from a state in which he has no knowledge of the correct answer to a state 

of false belief about the answer. Through further inquiry, he is able to reach a state of true belief 

about the correct answer. The inquiry stops, however, before he is able to attain knowledge 

about the correct answer. Socrates suggests in conclusion, though, that if the slave boy were to 

continue in this manner, he would be able to achieve that knowledge. 

Socrates presents the slave with a geometrical problem to which there is a correct answer. 

Socrates presents a series of arguments about the relationship between the sides of a square and 

its area in which each successive argument follows logically from the one preceding it. His 

arguments proceed as follows: 

• A square is composed of four equal sides. 

• A 2x 1 -foot square has an area of 2 feet. 

• A 2x2-foot square has an area of 4 feet, which is twice that of the 2x1-foot 

square. 

• A square that is twice the size of the 2x2-foot square would have sides that were 

4x4 feet, which is twice the length of the sides of the 2x2-foot square 

• In each of these cases, the area of a square has been twice the length of a side of 

the square. 

• By this reasoning, a square with an area of 8 feet would have 4x4-foot sides, 

which is not true. A square with 4x4-foot sides would have an area of 16 feet, 

which is four times as big as the 2x2-foot square, not two. 

• A square with an area of 8 feet is twice as big as a square with an area of 4 feet 

(2x2-foot sides) and four times as big as a square with an area of 16 feet (4x4-

foot sides). 
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• Since a square with an area of 8 feet is half way between an area of 4 and of 16, 

it would seem that the length of its sides would be halfway between 2 and 4. 

Thus, the slave boy concludes that the length of the sides of a square with an area 

of 8 feet must be 3 feet. At this point, there is a break in the demonstration. It marks the point at 

which the slave boy moves to a state of awareness of his own ignorance. 

• By combining four 2x2-foot squares (area 4 feet), one is able to form a square 

with an area of 16 feet (4x4-foot sides). 

• A diagonal drawn on each one of the four squares composing the larger square 

with an area of 16 feet divides these smaller squares in half 

• These four diagonals are equal lines that enclose another figure. 

• Since this additional figure is composed of half of each of the original four 

squares, it must be half the area composed using the entire area of each of the 

four squares. That is, it must be half of sixteen, or eight. 

• The 8-foot square is based on the diagonal. 

There is a known correct answer to the question that Socrates poses to the slave boy. 

This being the case, it is easy to follow the argument from one step to the next, just as there 

exists a logical progression for a given argument or proof in mathematics. Since the 

demonstration is structured in this maimer, it is possible to see that the slave boy is progressing 

toward an understanding of that answer. 

Socrates' use of the elenchus with the slave boy parallels his use of the elenchus with 

Meno. Plato uses the demonstration with the slave boy to illustrate the way in which the 

elenchus can be used to aid an individual in moving from one level of understandmg about a 

mathematical problem to the next, i.e., from false belief to ignorance, to true belief, and perhaps 
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even to knowledge. Just as there was a correspondence between questions about shape and 

questions about virtue in the previous section, so, too, is there a correspondence between 

Socrates' use of the elenchus to further the slave boy's understanding of geometry and his use of 

the elenchus to fiirther Meno's understanding of virtue. 

At the beginning of the dialogue at 71e, Meno has a false belief about what virtue is. He 

claims that the virtue of a man lies in being able to manage public affairs such that he helps his 

friends, harms his enemies, and does not harm himself A woman has virtue if she manages the 

home well and submits to her husband. He then claims that there are other virtues for a child, an 

old man, a free man, a slave, or any other type of individual. Socrates discredits this assertion, 

however, by showing Meno that all of the various examples of virtue he has just presented are 

merely different types of virtue and do not describe virtue itself. Socrates asks Meno to find the 

one thing that all of these virtues have in common, the thing that distinguishes them as virtue. 

As Meno never seems to be able to give a satisfactory answer, Socrates continues to question 

him in order to establish a definition of virtue. Meno appears to reach a state of awareness of his 

own ignorance at 80a. He states that though in the past he even gave speeches on virtue, he is 

now unable to even say what virtue is. This is similar to the slave boy, who initially claims to 

know the length of the side of an 8-foot square but is soon shown to have no such knowledge. 

However, Meno does not seem to reach a state of true belief about virtue as the slave boy does 

with the question about geometry. This correlation of the elenchus between Socrates and the 

slave boy to the elenchus between Socrates and Meno suggests that if Meno were to continue to 

participate in the elenchus, he would potentially be able to reach a state of true belief about what 

virtue is. 
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A Hvpothesis About Whether or Not Virtue Can Be Taught 

The issue explicitly addressed by the demonstration with the slave boy is whether or not 

virtue is teachable. Here, at 86e, a third mathematical illustration is introduced to elaborate 

Socrates' argument. He suggests that they proceed to examine the teachability of virtue by 

means of a hypothesis, as this is how geometers conduct their investigations. He then continues 

by setting up a geometrical inquiry that a geometer might form: is it possible to inscribe a 

specific area within a given circle? If the geometer has no immediate answer prepared, he might 

then form a hypothesis about the correct answer. This hypothesis can then be tested. Socrates 

claims that through testing this hypothesis, one should obtain either one set of results or another, 

namely, that it is either possible to inscribe a specific area within a given circle, or it is not. The 

formation of a hypothesis is usefijl, then, because it provides a means for one to evaluate a given 

question. 

As before, the assumption here is that the concepts utilized in the mathematical 

illustration can be carried over to the concepts of morality-in this case, the question of whether or 

not virtue can be taught. Presumably, one can form a hypothesis about whether or not virtue is 

teachable, which, according to the example of the way in which a geometer might use a 

hypothesis, can be tested. The results determined by testing this hypothesis should indicate 

whether or not virtue is something that can be taught. Socrates then presents the following 

hypothesis about virtue: if virtue is a kind of knowledge, then it must be teachable, but if it is 

not, then it cannot be taught. The rest of the dialogue is then spent testing this hypothesis, just as 

a geometer would, to determine whether or not virtue can be taught. Thus, it is in this way that 

the mathematical concepts presented in this passage are applied to concepts of morality. 
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Mathematical Illustrations in the Phaedo 

Mathematics in the Argument of Opposites 

Introduction 

According to the argument Socrates initially presents starting at 102b, any property that a 

thing may possess is due to its participation in the Form of that property. This statement is what 

he terms the "safe answer." Plato examines this by considering the height of one man in relation 

to another and uses the relationships among the heights of Simmias and Socrates and Phaedo as 

an example. A man is only bigger than another, for example, inasmuch as he participates in the 

Form of Bigness and is only considered smaller than another from the fact that he participates in 

Smallness. Thus, the Bigness or Smallness of one man is determined by a comparison of the 

degree to which he participates in the Forms of these properties with the degree to which another 

man participates in these properties. In the example, he claims that Simmias is not taller than 

Socrates by virtue of the fact that he is Simmias but, rather, because he takes part in the Form of 

Bigness to a greater degree than does Socrates. Furthermore, Simmias is taller than Socrates 

because Socrates takes part in the Form of Smallness to a greater degree than does Simmias. 

Thus, the height difference between Simmias and Socrates cannot be accounted for merely by 

attributing one man's height to a participation in Bigness and another's height to a participation 

in Smallness; it is a result of the varying degree to which they each participate in the Forms of 

the properties of Bigness and Smallness. The same reasoning can be used to explain the 

relationship between the height of Simmias and that of Phaedo. Simmias is smaller than Phaedo 

and Phaedo is bigger than Simmias because of the varying degree to which they each participate 

in the Bigness or Smallness compared to the other. Simmias is smaller than Phaedo because he 
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participates in the Form of Smallness to a greater degree than Phaedo; Phaedo is bigger than 

Simmias because he participates in the Form of Bigness to a greater degree than does Simmias. 

Therefore, the safe answer that Socrates presented earlier may need to be supplemented with a 

more sophisticated answer in order to more effectively explain the means by which a thing 

possesses certain properties. 

Plato then proceeds to establish that no object can simultaneously participate in opposing 

Forms. An object participating in one Form, when confronted with the opposite Form, will 

either continue to take part in the first Form without being subjected to the second one or will 

cease to participate in the first Form in favor of the second one. To illustrate this, he continues 

his example of the Forms of Bigness and Smallness. It is possible for a man, such as Simmias, to 

take part in both the Form of Bigness and the Form of Smallness. Whether one Form or the 

other is favored at a given time is determined by the state of the object participating in the Forms 

as compared with some other object. The Forms of two opposing properties cannot both be 

attributed to one thing as it is compared with another. This can be seen in the comparison of 

height among Socrates, Simmias, and Phaedo. When Simmias is compared to Socrates, the 

degree to which he participates in the Form of Bigness is found to be greater than that of 

Socrates; thus, Simmias does not take part in the Form of Smallness when compared to Socrates. 

When he is compared to Phaedo, Simmias takes part in the Form of Smallness to a greater degree 

than Phaedo, so in this comparison he does not participate in the Form of Bigness. The nature of 

the man himself remains the same, while the fact that he participates in one or the other of 

opposing Forms of Bigness and Smallness is dependent upon the man to which he is compared. 

This argument concerning opposite Forms, however, does not allow for the action of the soul. 

According to the passage, any quality of a thing is a result of the participation of that thing in the 
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Form of that quality. By this argument, a body would have life because of its participation in the 

Form of Life. However, the soul is mentioned earlier as being the source of life for a body. This 

conflicts with the aforementioned means of life being imparted to the body by the participation 

of the body in the Form of life; this argument allows for the body to have life independent from 

any mention of the soul. 

It is at this point that Plato develops a more sophisticated description of the relationship 

between opposites in order to create an argument for the source of life in the body that would 

include the soul. The first set of opposites that he presents to illustrate his point is that of hot and 

cold. According to his previous claim, an object cannot simultaneously take part in the Form of 

Hot and the Form of Cold. Then Plato presents a pair of related things, fire and snow, which are 

not opposites but which are shown to have opposite qualities. Plato claims, then, that if some 

thing, though it may not itself be one of two opposite Forms, takes part in one of two opposite 

Forms, it will not participate in the other opposite Form. Hot and cold, though they may be 

considered qualities of fire and snow, respectively, are not synonymous with them. Snow 

cannot, however, take part in the Form of Hot and still remain snow. Snow participates in the 

Form of Cold; it cannot participate in both the Form of Cold and the Form of Hot. Thus, it 

cannot participate in the Form of Hot. The same is true for fire: fire participates in the Form of 

Hot and, therefore, cannot take part in the Form of Cold. 

He then presents the notion of the relationship between odd and even to clarify the 

assertion that some thing that is not itself one of two opposing Forms, but takes part in one or 

another of the Forms, cannot take part in the opposite Form. The Form of Odd and the Form of 

Even are certainly opposites. The number three, by nature, is odd, and in the same way, two is 

even. Three, however, is not the Form of Odd but only participates in it. Similarly, two shares 
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in the Form of Even but is not itself the Form of Even. Three is not the opposite of two. Three, 

however, taking part in the Odd cannot take part in the opposite Form, Even. Two likewise will 

never participate in the Form of Odd. The claim, then, is that there are some things that, though 

they are not themselves opposite Forms, will also not admit the opposite Form of that in which 

they participate. This sets tiie stage for his argument for the establishment of the soul as the 

cause of life. 

Mathematics in the Relationship Among Three Pairs of Opposites 

The fimdamental argument of this passage is thus presented through opposites. As was 

shown above, the safe answer to the question of what in a body brings life to it may not be 

sufficient to explain the means by which a thing possesses certain properties. This insufficiency 

was demonstrated by considering the fact that a man's height could not be described solely as his 

participation in Bigness or his participation in Smallness. Rather, the relationship between the 

height of one man to the height of another is based on the degree of one man's participation in 

Bigness or Smallness relative to another man's participation in Bigness or Smallness. This result 

is due to the fact that Bigness and Smallness are opposites and, moreover, opposite extremes. 

Therefore, Plato begins his examination of the relationship between opposites by considering 

opposite extremes. 

In this passage Plato presents three different kinds of opposites for the development of a 

more sophisticated answer to the means by which a thing possesses certain properties: hot and 

cold, even and odd, and life and death. The implication here is that the relationship between hot 

and cold and that between even and odd is similar to that between life and death. However, the 

use of hot and cold alone as an example does not sufficiently serve to illusfrate the proposed 
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relationship between life and death. It is important then, that Plato includes an illustration with 

mathematics. By presenting this second set of opposites, even and odd, he is able to draw a 

connection among all three sets of opposites and thus more accurately present what he sees as the 

relationship between life and death. 

The first type of opposite is presented through the relationship between hot and cold. 

They are opposites similar to Bigness and Smallness in that they are opposite extremes. To 

begin with, it should be noted that temperature is measured across a spectrum of values, and hot 

and cold describe the extreme ends of that spectrum. Thus, it can be said that there are degrees 

of hot and cold. As a result, it is possible for something to be neither hot nor cold. The fact that 

hot and cold describe two ends of a spectrum implies that it is theoretically possible for a thing to 

be described by any value of the spectrum. Something that is described by a value in the middle 

of the spectrum is then neither hot nor cold. Furthermore, it may even be the case that the terms 

"hot" and "cold" do not even apply to a given object. A book, for instance, is not generally 

described as hot or cold; it does not participate in either the Form of Hot or the Form of Cold. 

Therefore, to say that something is not hot does not necessarily indicate that it is cold; these 

opposites are not mutually exclusive. 

The relationship between life and death, however, is both similar and different from this 

view of the relationship between hot and cold. According to the definition of life that Plato 

gives, life is brought to the body through the soul, and death is the result of the soul leaving the 

body. Thus, it is the presence or absence of the soul that has opposite effects on the body. It 

differs, however, from the aforementioned view of hot and cold in that there are no degrees of 

life and death. Life and death are not extreme ends of a spectrum. There is no midpoint between 

life and death nor is it possible to be partially alive or partially dead. Life and death, then, are 
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mutually exclusive opposites. The fact that an object is not alive necessarily implies that it must 

be dead. 

There is an additional aspect of the relationship between hot and cold that should be 

considered. Hot and cold should still be viewed as opposite extremes. This supplemental 

perspective differs, however, in that it is not always appropriate to apply a range of values to a 

given object. For some types of objects, it is only possible to have one opposite or the other. 

These things, then, are things for which being hot or cold is a necessary intrinsic quality. The 

specific examples Plato offers in this passage are fire and snow; fire must always be hot in order 

to maintain its identity as fire, and snow must likewise be cold in order to maintain its identity as 

snow. In this case, fire and snow certainly have opposite properties, but instead of one thing that 

has the potential to be characterized by one or the other of extreme opposites, the things 

themselves are two separate entities, each described by only one of two extreme opposites. 

If the relationship between hot and cold was the only example Plato used to illustrate the 

relationship between life and death, the description of one set of opposites to the other would be 

insufficient. This is the point at which Plato presents an illustration of opposites that involves 

mathematics. This serves to strengthen his assertion about the relationship between life and 

death. The set of opposites used here, the primary set of opposites in this passage, is even and 

odd. Every number, by virtue of being a number, must be either even or odd. Thus, even and 

odd describe two different types of numbers. Even is the opposite of odd in the sense that if a 

number is not even then it must be odd, and odd is similarly the opposite of even. These 

opposites, then, are mutually exclusive, i.e., a given number can be either even or odd, but not 

both. Furthermore, being even or odd does not change the nature of a number. The fact that a 
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given number has one or the other of these characteristics does not make it any more or less of a 

number. 

The relationship of opposites that is presented with even and odd supplements the 

relationship that Plato intends to present with hot and cold and, by extension, the relationship 

between life and death because it restricts the application of the Forms. By presenting the 

example of even and odd, he ensures that the types of opposites he wishes to depict are those in 

which the absence of one opposite implies the presence of the other. The presence or absence of 

hot in a thing does not imply the presence or absence of cold because they are opposite ends of a 

spectrum, and, with no further explanation, the possibility has not been excluded that a thing 

might be described by having properties that are somewhere in the middle of the spectrum or 

might even lack such properties altogether. Using fu-e and snow as specific examples of hot and 

cold furthers the argument by establishing that from this view, hot and cold are opposite 

extremes without any possible intermediate values. This does not, however, present opposites in 

which the presence or absence of one implies the presence or absence of the other, for fire and 

snow are not themselves opposites; rather, they participate in the Forms of opposite extremes. 

Fire that is not hot does not exist. Therefore, the absence of hot does not imply cold. Similarly, 

snow that is not cold does not exist, so the absence of cold does not imply hot. Even and odd, 

like fire and snow, are opposites that are not part of a spectrum. Unlike fire and snow, however, 

the fact that a thing is even does imply that it is not odd, and the fact that a thing is odd does 

imply that it is not even. 

It is this notion of the relationship between even and odd that is important in describing 

the relationship between life and death and establishing the immortality of the soul. Originally, 

according to the safe answer presented at 102b, Socrates asserts that the thing coming into a 
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body to make it hot is heat. Based upon the argument of opposites, however, he develops a more 

sophisticated answer, namely, that the thing coming into a body to make it hot is fire. Likewise, 

it is not sickness coming into a body that makes it sick; it is fever. By this reasoning, he then 

claims that it is the presence of the soul in the body that brings life to it. In fact, the soul brings 

life to whatever it occupies. Furthermore, there is an opposite of life, and this opposite is death. 

The soul brings life with it and, thus, will not admit the opposite of what it brings, i.e., it will not 

admit death. Therefore, life and death are mutually exclusive opposites. The presence of the 

soul in a body means that the body must be alive and cannot be dead. A body that is dead, then, 

must necessarily imply the absence of the soul. Thus, the soul must depart from the body as the 

body approaches death. Socrates then claims that while the soul is present in the body, it will not 

admit death, i.e., the soul is deathless, and, as such, it must be immortal. 
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Mathematics in the Refutation of the Attunement Argument 

Introduction 

The passage beginning at 85e introduces the refutation of the argument concerning 

attunement. Socrates claims that tiie soul is immortal and thus continues to exist after the 

destruction of the body. Simmias would like to refute Socrates' claim for the immortality of the 

soul by comparing the soul to a harmony. Harmony is defined here as a divine, intangible 

element produced by an attuned lyre where the lyre and strings are earthly, physical elements. A 

soul then is a divine composition of bodily elements. Simmias states that if the soul is compared 

to a harmony, the opposite of Socrates' claim is, in fact, true: the soul is the first thing to be 

destroyed, while the body remains. He asserts that according to Socrates' argument, a harmony, 

being divine, would remain even if the physical lyre and strings were destroyed; this result 

follows from Socrates' argument because nothing that is divine can be destroyed by something 

that is mortal. Simmias, however, claims that this cannot be true. If the lyre and strings are 

broken, the first thing to be destroyed is the harmony; the lyre and strings still exist, though 

broken, whereas it is no longer possible for the harmony to exist since a broken lyre and strings 

can no longer create an attunement of the appropriate amount and proportion. Thus, relating this 

result to the soul, the soul must predecease the body. The use of mathematics in this section is 

seen through the definition of a harmony, as many of Socrates' claims that the soul is not a 

harmony are better substantiated if the definition of a harmony is viewed in terms of 

mathematical principles. 
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Refutation of the Soul as an Attunement 

Socrates' first refutation of the attunement argument Simmias presents against the 

immortality of the soul begins at 92a. Socrates stated previously at 87a that the soul, which is 

stronger than the body, must remain after the body dies. He thus disagrees with the claim that 

Simmias makes about the soul being a type of harmony, for Simmias would claim that a 

harmony, and thus the soul, should be the first to perish. Socrates recalls a previous argument in 

which learning was determined to be recollection. Thus, for recollection to be possible, the soul 

must necessarily have existed before the body. If the soul is a harmony, as Simmias claims, then 

it is a divine composite of physical elements. Thus, if the argument for recollection is accepted, 

then it must be inferred that the soul, a composite, exists before the bodily elements of which it is 

composed exist, which cannot be true. In fact, the harmony is the last thing to be composed, not 

the first. Thus, the harmony is the first thing to be destroyed, as the lyre and strings still exist 

even when they are not harmonized. By this reasoning, then, Socrates concludes that a soul 

cannot accurately be compared to a harmony since it is purported that the soul exists before it 

enters the body, and a composite of things cannot exist before the things of which it is composed 

exist. Thus, the soul cannot be an attunement. 

Socrates continues with a second refutation of the soul as an attunement by asserting that 

a harmony cannot exist in any state other than the one of the things of which it is composed, i.e., 

the state of a harmony is determined by the state of its elements. Then, since the nature of a 

harmony depends on the way in which it has been harmonized by its elements, it is possible for it 

to be harmonized to a greater or lesser degree. If a harmony is more fully harmonized, it will be 

more fully a harmony; if a harmony is less fully harmonized, it will be less fiilly a harmony. 

This is not, however, the case for the soul. The soul is not a matter of degree. One either has a 
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soul, or one does not; thus, no soul can be more or less fully a soul than another. Therefore, 

Socrates concludes that the soul cannot be an attunement. 

Socrates then proceeds to a third refutation in which he considers what it would mean to 

claim that virtue and wickedness were part of the soul if it were an attunement. He begins by 

confirming that it is possible for one soul to have virtue and another wickedness. Then, if the 

soul were a harmony, virtue and wickedness in the soul would result from harmony or 

disharmony, respectively, within the soul. Under the attunement argument, this seems to suggest 

that a good soul, which would already be a harmony by virtue of being a soul, would also contain 

another harmony. Likewise, a wicked soul itself would be less of a harmony or would lack an 

additional harmony. According to Socrates' refutation of the soul as a kind of attunement above, 

it is not possible for one soul to be more or less fiiUy a soul than another. If however, the soul is 

compared to a harmony in light of Socrates' refutation, saying that it is not possible for one soul 

to be more or less fiilly a soul than another implies that it is not possible for a harmony to be 

more or less fully a harmony. Socrates then asserts that since a soul cannot be more or less fully 

harmonized, every soul must be harmonized to the same extent. Therefore, if there is not more 

or less harmony or disharmony within the soul, then that soul cannot be more or less virtuous or 

wicked based on the degree of harmony within that soul. In fact, a soul that was a harmony 

could not contain wickedness because there can be no disharmony in harmony. Therefore, by 

this argument, all souls must be equally good simply by virtue of the fact that they are souls. 

Since this conclusion does not seem to be true, for not all souls are equally good, this is further 

evidence that the soul is not an attunement. 

Socrates then continues with a fourth refutation of Simmias' claim against the 

immortality of the soul. Socrates begins by asserting that a harmony can only act or be acted 
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upon in the same way as the things of which it is composed. Thus, a harmony does not direct its 

components but is instead directed by them, so a harmony cannot behave in any way that would 

contradict the things that compose it. Furthermore, of all parts of a man, it must be the soul that 

rules over him and directs the body. The soul is capable of directing the body to do just the 

opposite of what it desires. This, however, contradicts Simmias' claim that the soul is a 

harmony. By the attimement argument, the soul would not be able to oppose the bodily elements 

of which it is composed; it would follow, rather than dfrect, them. The soul, however, does quite 

the opposite: it rules over all of its bodily elements, opposing them and directing their ways. 

Thus, the soul cannot be an attunement. 

The use of mathematics in the refutation of the attunement argument is significant as it 

relates to the definition of a harmony. By comparing the definition of harmony given in the 

passage to the mathematical definition of harmony, it can be seen that Socrates' refutation of the 

claim that Simmias makes for the soul to perish before the body can in some aspects be better 

substantiated if the attunement argument is viewed mathematically. As mentioned above, a 

harmony is created by an attuned lyre. Thus, the image of harmony is a musical one. Musically, 

a harmony is created when different notes are played simultaneously in a way that is audibly 

pleasing; thus, it might be said that the notes are played in the amount and proportion appropriate 

to create a harmony. The reason that the notes only form a harmony when in the appropriate 

amount and proportion can be explained with mathematics. When two notes with frequency 

ratios that are simple fractions (e.g., 2:1 or 3:4) are played simultaneously, the resulting 

composite sound wave will sound consonant; in other words, it is the relationship between the 

frequencies of the notes that determines whether or not a harmony is produced. 
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It is this mathematical understanding of harmony that strengthens Socrates' refutation of 

the attimement argument, particularly, the second refiitation. In Socrates' second refutation of 

the claim that the soul is an attunement, he established that having a soul was not a matter of 

degree; either one has a soul, or one does not. It might be argued, then, that the same could be 

said of a harmony, namely, that one either has one, or one does not. The notes played on the lyre 

either produce a harmony, or they do not. By considering the definition of harmony 

mathematically, however, it can be seen that the determination of harmony is indeed a matter of 

degree. For the notes to be consonant, their frequencies must fall at some simple whole number 

ratio. Since the frequencies of the notes are not limited to a discrete set of values but, rather, 

cover a wide range of values, it is entirely possible that they might not fall at a simple whole 

number ratio. It is possible, for example, that the frequency values might be such that they fall at 

a number ratio that is greater than or less than a simple whole number ratio, i.e., it is possible for 

the notes to be more or less fiilly harmonized. Thus, harmony is, in fact, a matter of degree, and 

Socrates' refutation holds. 

A similar argument can be made for the way in which a mathematical understanding of 

harmony strengthens Socrates' third refutation of the attunement argument. According to the 

mathematical definition of harmony, when the relationship between the frequencies of the note 

of the lyre occurs in a certain proportion, a harmony is produced. The third refutation considers 

how virtue and wickedness might be accounted for if the soul were an attunement, since it was 

observed that any given soul has some measure of virtue and/or wickedness. Virtue in the soul 

would be a result of harmony and wickedness a result of disharmony. Assuming, then, that the 

soul is a harmony, the notion of virtue in the soul would then imply the existence of a harmony 

with additional harmony. Mathematically, this is not possible. A harmony occurs when the 

27 



relationship between the frequencies of the notes occurs in the appropriate proportion; it is not 

possible for them to be more appropriately proportioned than the correct proportion that creates 

the harmony. Thus, relating the soul to an attunement does not allow for virtue in the soul. The 

possibility of the presence of wickedness in a soul that is likened to a harmony is similarly 

refuted. The notion of wickedness in the soul would then imply the existence of a harmony that 

somehow also contains disharmony. This is also mathematically impossible. A disharmony 

occurs when the relationship between the frequencies of the notes of the lyre do not occur in the 

correct proportion. Therefore, the presence of a disharmony within a harmony must mean that 

some notes of the harmony are not in the correct proportion, which contradicts the definition of a 

harmony. By this reasoning, then, relating the soul to an attunement does not allow for 

wickedness in the soul. Thus, since the claim that the soul is an attunement does not permit the 

presence of virtue or wickedness in the soul, this claim cannot be correct. It is in this way, then, 

that an accurate understanding of both the second and third refiitation is only achieved when the 

refutations are viewed in terms of mathematical principles. 
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Conclusion 

The most significant question one might ask about the use of mathematics in the 

dialogues of Plato is "Why math?" Why should mathematical illustrations be used to strengthen 

and clarify his arguments instead of some other type of example? What is notable about the use 

of these examples is the fact that it is a mathematical illustration that is found consistently 

throughout the dialogues. For many of the mathematical illustrations Plato employs, it is not the 

case that the point he is trying to make is more or less true if it is explained mathematically. In 

some cases, however, the argument that Plato is trying to present is only really explained if it is 

viewed in terms of mathematical principles. The most important thing to consider, then, is that 

the combination of each of these illustrations works to give the dialogue an underlying 

mathematical theme. 

Perhaps one of the most obvious motivations for the use of mathematical examples is that 

mathematics can be used to give the illustrations an element of simplicity. Mathematics, in its 

simplest form, is something with which most people would be familiar. Plato's illustration in the 

Meno involving shape is an appropriate example. Here he uses a mathematical example about 

shape to clarify the argument he is trying to make about virtue, namely, that there is a distinction 

between qualities that might be considered elements of virtue and what virtue is itself In his 

shape example, he establishes that roundness is a type of shape, not shape itself It is certainly 

true that this argument need not be restricted to mathematics, for the same logic would apply to 

other examples. An oak tree is only a type of free and does not itself define trees in general; an 

apple is a type of fruit, not a definition for finit itself In fact, Plato himself presents a second 

example, that of color. White is only a type of color and not the definition of color because it is 

one of many types, e.g., black, red, green, etc. The use of color here as a second illustration for 
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his argument provides further evidence that these examples are chosen for simplicity and 

common familiarity, as the notion of color is also a simple, familiar example that would certainly 

be understood by an average individual. 

A second motivation of the use of mathematical examples is that their nature is not such 

that it is readily open to interpretation, i.e., mathematical arguments are generally very 

straightforward. This is evident in the demonstration with the slave boy. In general, the steps in 

a mathematical argument follow a logical progression from one to the next. It is the nature of 

this progression that gives force to the conclusion of the mathematical argument, as the 

conclusion is built upon each previous step to the argument. Thus, it is crucial that each step and 

each progression from one step to the next be clear and accurate. It is in this sense, then, that it is 

necessary that an effective mathematical argument not lend itself to interpretation. It is precisely 

this feature of a mathematical argument that is important in the demonstration with the slave boy. 

The series of arguments that Socrates presents to the slave boy each follow a logical progression 

from one to the next with the result that they eventually lead to a definite conclusion, that the 

area of an 8-foot square must be based on its diagonal. The fact that the demonstration 

arguments are structured in this way makes it possible for one to clearly observe that the slave 

boy is moving from one level of understanding to another, which, in turn, is important for 

determining the effectiveness of the use of the elenchus in that passage. 

In other cases, however, a mathematical example may be used because it is, in fact, the 

best example to illustrate the argument. This seems to be the case in the argument of opposites 

in the Phaedo. What is needed in that argument is an example of a pair of opposites whose 

relationship parallels the relationship between life and death. He begins with the opposites hot 

and cold. This relationship, however, refers to two extreme values on a spectrum of values, and 
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this, as was shown above is not an accurate depiction of the relationship between life and death. 

Furthermore, the entire argument of opposites was introduced with the example of short and tall. 

These opposites are clearly also opposite extremes. One might then attempt to consider pairs of 

opposites not mentioned in the dialogue in an effort to find two things appropriately deemed 

opposites that are not opposite extremes. Other such opposites might include black and white, 

young and old, hard and soft. Yet these, too, are all opposite extremes. Thus, it would seem that 

the best way to capture the relationship between life and death is with a mathematical example, 

that of even and odd. Even and odd are not extreme values on a spectrum but, rather, are 

mutually exclusive opposites, and this type of opposite more accurately describes the 

relationship between life and death. Thus, in this instance, though examples other than a 

mathematical one might be used, the exact nature of the argument is only really captured with 

the mathematical example. 

There are some instances, however, in which the argument Plato is trying to present 

really only works if viewed in terms of mathematical principles, i.e., there are no other non-

mathematical examples that are logically equivalent. An example of this sort of argument is the 

refiitation of the attunement argument. In this argument, Socrates' claim that the soul is not an 

attunement is not fiilly substantiated unless the defmition of a harmony is understood 

mathematically. By defining harmony mathematically as that which occurs when the 

relationship between the frequencies of the notes occurs in the correct proportion, it was shown 

that both the second and third refutation of the claim that the soul is an attimement was greatly 

substantiated. Thus, this is an instance in which a mathematical example is the only one that can 

effectively make the argument work. It is possible, then, that this is the reason that no other 

alternative examples are presented in this passage. 
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The most significant aspect of the use of the mathematical example is the fact that it is 

the only type of example that is consistently found throughout the dialogues. It is certainly the 

case that various non-mathematical examples are often presented along with a mathematical 

example. The mathematical illustration in the Meno involving shape also included a color 

example. The argument of opposites in the Phaedo was introduced with an example involving 

big and small and made use of an example that dealt with hot and cold in an attempt to describe 

the relationship between life and death. Yet the constant throughout all of these is the 

mathematical example. 

The effects of the consistent appearance of mathematical illustrations throughout the 

dialogues combine to form an underlying mathematical theme for each dialogue. This creates a 

situation in which questions about the concepts of morality are examined upon a sort of 

mathematical framework, or background. Since arguments that seek to express various 

considerations on morality are often limited by difficulties in determining absolute, objective 

standards, i.e., Socrates' difficulty in establishing an exact definition of virtue, the application of 

a mathematical component could be very advantageous to the expression of such moral 

arguments. A construction of the examination of moral concepts built upon mathematical 

arguments seems to suggest that what is important in the effectiveness of a mathematical 

argument can be extended to aid in the determination of an argument concerning morality. 

Therefore, one can use the combined effects of an underlying mathematical theme to provide, if 

not an absolute, objective standard, at least some measure of structure upon which it may be 

possible to construct arguments about morality. Thus, it is in this way that mathematics is 

significant in the expression of ideas, namely, as a foundation upon which an improved 

understanding of morality can be built. 
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