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Full Metal Alchemist is a work of fiction, 
both in manga and anime, about two young 
alchemists, Alphonse Elric and Edward El-
ric. The story explores the Law of Equiva-
lent Exchange (等価交換, tōka kōkan), which 
is explained by the brothers in the following 
words: “Most people think that alchemy can do 
anything and create whatever you want, but in 
reality, there are certain concrete laws. A sub-
stance can only be created from the same type of 
substance” says Alphonse. Edward contin-
ues: “In other words, the basics of alchemy is the 
‘equivalent exchange’! That means that to ob-
tain something, something of equal value must 
be lost” (Arakawa, 2001). Throughout the 
story, the brothers demonstrate a clear 
grasp of the scientific understanding of this 
law. Several instances can be found where 
they use available material to produce what 
they want. For example, Edward uses 
alchemy to transform floor material into a 
wooden bird (Ōnogi & Miyake, 2009; Fig. 1) 
or into a stone shield (Tsuchiya & Ikehata, 
2009). Thus, the brothers are able to predict 
which components, and in which amount, 
are required for achieving a given alchemi-
cal result.

An analogue of Equivalent Exchange is 
found in the field of natural sciences under 
the name of the Conservation Laws. One of 
its first known formulations dates back to 
1748 in a letter from the Russian scientist 
Mikhail Vasilyevich Lomonosov (Fig. 2a) to 

the Swiss mathematician and physicist 
Leonhard Euler: “Every change that takes 
place in nature occurs in such a way that if 
something is added to something else, the same 
is subtracted from another body. Thus, matter 
added to one body is lost by another. The number 
of hours I sleep is subtracted from the time I am 
awake, and so on. Since this is a universal law of 
nature, it also governs the rules of motion: a 
body which jolts another body to move loses as 
much of its motion as it imparts to the one it 
started moving” (Pavlova & Fedorov, 1984). 
A version of this law which focuses on mass 
is widely attributed to the French chemist 
Antoine-Laurent de Lavoisier (Fig. 2b) as 
stated in his textbook Traité Élémentaire de 
Chimie: “We may lay it down as an incon-
testable axiom, that, in all the operations of art 
and nature, nothing is created; an equal quan-
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Figure 1. Edward Elric conducting an alchemic proce-
dure (Irie & Ōnogi, 2009). Source: Howze, 2012, CC 
BY-SA (fair use).
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tity of matter exists both before and after the ex-
periment; the quality and quantity of the ele-
ments remain precisely the same; and nothing 
takes place beyond changes and modifications in 
the combination of these elements. Upon this 
principle the whole art of performing chemical 
experiments depends” (Lavoisier, [1965]).

The Law of Conservation of Mass is the 
foundation of Quantitative Chemistry 
which enabled the progression from 
alchemy to modern chemistry. Full Metal 
Alchemist appears to follow this law with a 
clear and strong scientific affinity. Yet, the 
interpretation of this law throughout the 
story reveals a wider conception of ‘equiva-
lence’ that calls into question the complete-
ness of the scientific principle. 

Herein, we explore Equivalent Exchange 
as a notion that, on the one hand, is intu-
itively prevalent in human life, and on the 
other hand, serves as the foundation of the 
scientific formulations of the Conservation 

Laws. We discuss examples that show a va-
riety of ways in which Equivalent Exchange 
manifests itself. We propose that Full Metal 
Alchemist is a work of fiction that splendidly 
illustrates the limitations of the Conserva-
tion Laws in the broader, intuitive under-
standing of Equivalent Exchange.

METHODOLOGY

To investigate the notion of Equivalent 
Exchange in both a broad, intuitive sense, 
and a strictly scientific form, a variety of 
sources were consulted and carefully exam-
ined. The selected sources covered topics of 
mythology, history, religion, philosophy, 
science and pop culture, in which various 
forms of Equivalent Exchange are manifest. 
The results of this examination were used 
as the basis for our interpretation and dis-
cussion of Full Metal Alchemist’s representa-
tion of Equivalent Exchange. 

Figure 2. (a) Empress Catherina II visiting scholar Mikhail Lomonosov, by Ivan Kuzmich Fyodorov (1884). 
(b) Lavoisier explaining to his wife the result of his experiment on air, by Ernest Board (date unknown). Source: 
Wikimedia Commons, public domain.
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DISCUSSION

The Law of Conservation of Mass in its 
quantitative form is presently well-known 
and universally accepted as an accurate sci-
entific description of macroscopic reality. 
Nonetheless, there is a recognizable, non-
scientific intuition of the nature of Equiva-
lent Exchange that serves as the basis for the 
formulation of the Conservation Laws. In-
deed, it has manifested itself so vastly 
throughout history, that it encompasses al-
most every aspect of human life.

Firstly, let us look at religious rituals in 
which something perceived as highly valu-
able is offered to deities in exchange for 
their favor. This is the case of sacrifice. For 
example, for the ancient Greeks, the sacri-
fice of animals was a common practice. In 
the Iliad, shortly before the conquest of 
Troy, a plague assailed the Greek army. In 
response, they offered the life of “a hundred 
beasts” together with other retributions to 
appease Apollo, God of Sickness and 
Health (Homer, [1996]). Sacrificial rituals 
have also been recorded as part of Norse 
paganism, as registered in the Poetic Edda 
(Bellows, 1923a), and, more recently, 
broadly represented by famous TV shows 
such as Vikings (Hirst, 2013–2020). The 
episode ‘Warrior’s fate’ shows shield-
maiden Lagertha offering the life of a bull to 
Frey, God of Plenty (Fig. 3a), bidding him 
“With the blood of this sacrifice, nourish and 
make fecund mother earth” (Hirst et al., 2015). 

Even today, animal sacrifice is practiced as 
part of Santería rites since it is believed that 
animal blood contains spiritual power that 
strengthens a connection between the san-
tero (the priest) and his Ocha (the deity) 
(Cañizares, 1999). In the Abrahamic reli-
gions, the reward of forgiveness is often 
achieved through penance (Paul, [2021]), 
which can also be conceived as a form of 
sacrifice.

The notion of Equivalent Exchange often 
appears in the form of “the larger the sacri-
fice, the larger the reward.” For the Aztecs, 
a small retribution was expected from per-
sonal expense. For instance, a self-inflicted 
small wound made with a bone needle 
would confer an animal virtue to the one 
making the sacrifice (Beaudez, 2013). On 
the other hand, the offering of many chil-
dren’s lives meant abundant rain, which 
was regarded as a reward of the greatest 
magnitude since everyone’s lives depended 
on it (de Sahagún, [1829]). Even the gods 
were believed to make sacrifices themselves 
in order to secure the preservation of the 
universe, human existence or both, not only 
within the Aztec cosmology (León-Portilla, 
1983), but also in other cultures and reli-
gions (Bellows, 1923b; Benard, 2010; John, 
[2021]).

Another form of Equivalent Exchange 
can be observed in traditional festivities 
and practices involving offerings and trib-
utes. A prime example is found in the pre-
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Figure 3. (a) Pagan blood sacrifice; screenshot taken from episode ‘Warrior’s Fate’ of Vikings (Hirst et al., 2015). 
(b) Homemade ‘Day of the Dead’ altar (Alex Raven, 2019), used with permission.
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Hispanic origin of the famous Mexican hol-
iday Día de Muertos (Day of the Dead), col-
orfully depicted in the animated film Coco
(Molina et al., 2017). According to the U.S. 
American anthropologist Hugo G. Nutini, 
“Part human and part divine, the dead were a 
natural link between man and the gods. [...] 
Thus, one can conceive the cult of the dead as a 
means through which humans used these 
demigods as mediators in their innumerable 
supplications to the gods during the annual cy-
cle” (Nutini, 1988). Some of these ritualistic 
practices have been preserved through pri-
vate celebrations of Día de Muertos (Nutini, 
1988), including setting up household altars 
in which flowers, food, and other goods are 
offered to the spirits of family members and 
friends who passed away (Fig. 3b).

There is an expectation of equality (or 
conservation) whenever an exchange takes 

place. This is not limited to our relationship 
with the divine. In human social interac-
tions, for any given occurrence a commen-
surable response is anticipated. Barter, for 
example, is understood as the practice of ac-
quiring goods and services by directly ex-
changing other goods and services. The rec-
iprocity of the trade exhibits the traders’ 
consent to a notion of equivalence in the 
value of exchangeable objects. This means 
that whenever an object shares an appre-
hensible—not necessarily quantifiable—
correspondence with another object, the de-
sired state of things can be achieved 
through their exchange (Humphrey & 
Hugh-Jones, 1992; Fig. 4). It could be ar-
gued that our present-day fiat money mar-
kets do not differ essentially from barter in 
regards to the tendency towards this con-
ception of Equivalent Exchange.

Figure 4. (a) Panoramic photograph of La Gran Tenochtitlán by Diego Rivera (1945). (b,c) Amplifications of se-
lected portions illustrating barter during pre-Hispanic times in the Valley of Mexico. Source: Wikimedia Com-
mons, CC BY-SA 3.0.
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Another instance is found in the com-
mon practice of gift-giving. In the eloquent 
words of The Big Bang Theory’s character, 
Dr. Sheldon Cooper, “the foundation of gift-
giving is reciprocity”. He tells his neighbor 
Penny, who intends to give him a Christ-
mas present, “You haven’t given me a gift, 
you’ve given me an obligation. [...] The essence 
of the custom is that now I have to go out and 
purchase for you a gift of commensurate value 
and representing the same perceived level of 
friendship as that represented by the gift you’ve 
given me” (Pradi et al., 2008). Works such as 
those of the French anthropologist and soci-
ologist Marcel Israël Mauss and the Ameri-
can anthropologist and activist David Rolfe 
Graeber, propose that gift-giving was the 
basic mechanism of early economies: in 
small communities, neighbors or groups of 
individuals would be indebted to each 
other through reciprocal gift exchange 
(Mauss, 2002; Graeber, 2012). 

The aforementioned conditions of corre-
spondence are also expected from political 
activity in the many facets concerning jus-
tice. An intuition of equality is manifest 
among actions, words and goods through-
out political practices. This is attested abun-
dantly in proverbs and other forms of pop-
ular wisdom such as “what you do not wish 
for yourself, do not do to others” (Confucius, 
[1893]); “whose soul that has known bitter 
pains, inflicts pains upon others?” (Tiruvaḷḷu-
var, [1962]); and “the measure you give will be 
the measure you get back” (Luke, [2021]). 
Aristotle observed that cases of just alloca-
tion of material and immaterial goods may 
be expressed in terms of proportionality of 
commensurable parts. He distinguished 
two forms of allocation: distribution and 
retribution (Aristotle, [2002]). Getting a set 
amount of grain proportional to work done 
in favor of the community would exemplify 
a just distribution. Giving a proportional 
fine for an excess amount of grain that 
someone might have taken without merit 
would exemplify a just retribution. More-
over, whenever an exchange happens with-
out the consent or knowledge of one of the 
parties involved, a judge may be called in to 
restore the balance, “evening things up, just 
as, when a line has been cut into unequal parts, 

one takes away the part by which the greater seg-
ment exceeds the half, and adds this to the 
smaller segment” (Aristotle, [2002]).

The balance in giving and receiving is 
symbolized by the Greek Titaness of justice, 
Themis, typically represented carrying the 
famous ‘scales of justice’ (Fig. 5). These il-
lustrate that, underlying the notion of bal-
ance, there is the intuition that every event 
is reciprocally linked to another, like a 
cause is linked to an effect. Themis also car-
ries a sword: the famous formulation of the 
principle of retaliation “an eye for an eye, a 
tooth for a tooth” (Disputed authorship, 
[2021]) assumes that reciprocity is achieved 
whenever an injurer receives an injury of 
equal measure as punishment for the harm 
done. Since this form of Equivalent Ex-
change is widely prominent in human soci-
ety, there is an inherent expectation that jus-
tice be met in this form, even in cases where 
the terms of an exchange are incommensu-
rable. This leads to difficulties in deciding 
how to act with justice. For example, capital 
punishment may be expected to balance out 
the harm of murder; however, the first life 
lost will not be restored by the loss of a sec-
ond one.

In several cultures the notion of Equiva-
lent Exchange may go as deep as explaining 
the whole fabric of the universe. This is the 
case of the Yin and the Yang, a duality of el-
ementary forces that manifests in the con-
traries and complements of the world. 
When there is augmentation or diminution 
among them, they counteract each other on 
a measured basis of Equivalent Exchange: 
to some light corresponds the same amount 
of darkness, to a degree of warmth the same 
degree of cold, and so forth (Needham, 
1956). An important element of the Vodun 
religious practices is the belief in a multi-
tude of spirits that inhabit the entirety of the 
world. The greatest of these are the creators 
of life, and are usually seen as the comple-
mentary principles of female and male, 
Mawu and Lisa, who restore balance when 
disastrous or fortunate events occur. “When 
Lisa punishes, Mawu forgives” (Parrinder, 
2014). Lastly, the concept of karma in In-
dian religions presents a relationship of 
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equality too, so that acting in a certain way 
has, as an exchange for the quality of the ac-
tion, a consequence that shares in the same 
quality (Vyasa, [2013]).

The desire to express Equivalent Ex-
change in measurable, quantitative terms 
took shape within the natural sciences as 
the Conservation Laws, of which those re-
lated to mass and energy provide the best-
known instances. As discussed in the intro-
duction, the French chemist Lavoisier pro-
posed in 1789 that “an equal quantity of mat-
ter exists both before and after the experiment” 
(Lavoisier, [1965]). In the case of energy, the 
Italian astronomer, physicist and engineer 
Galileo Galilei (Fig. 6a) demonstrated in the 

17th century that there is a proportional re-
lationship between the height and the mo-
tion of bodies (Galilei, [1914]). Based upon 
that idea, the German polymath Gottfried 
Wilhelm Leibniz (Fig. 6b) proposed the con-
servation of two quantifiable forces within 
a system, ‘vis mortua [death force]’ and ‘vis 
viva [living force]’ (Leibniz, 1686). These 
works in turn laid the basis for the present 
understanding of potential and kinetic en-
ergies, respectively. Another great example 
is the concept of the mechanical equivalent 
of heat (Mayer, 1842, 1851; Joule, 1850), dis-
covered independently by the German 
physician, chemist and physicist Julius 
Robert von Mayer (Fig. 6c), and by the Eng-
lish physicist, mathematician and brewer 

Figure 5. Modern representations of Themis, Greek Titaness of divine law and order. 
(a) Photograph of the Gerechtigkeitsbrunnen (Fountain of Justice) in Frankfurt, Germany by Meinecke R. (2011). 
Source: Wikimedia Commons, BY-NC-ND 3.0. (b) Screenshot of the only and rather brief appearance of Themis in 
the animated series Justice League Unlimited (Dini & Riba, 2004). (c) Screenshot of the opening of the streaming tele-
vision series Daredevil (Goddard, 2015–2018).
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James Prescott Joule (Fig. 6d). It states that 
“the quantity of heat produced by the friction of 
bodies, whether solid or liquid, is always propor-
tional to the quantity of force expended” (Joule, 
1850). These observations of seemingly sep-
arate phenomena were eventually recog-
nized as parts of the same principle, as 
noted in the work of the German physicist 
and physician Hermann von Helmholtz 
(Fig. 6e), On the Conservation of Force (von 
Helmholtz, 1847), and the Scottish mathe-
matician and physicist William Rankine’s 
(Fig. 6f) articulation of one all-encompass-
ing law: “The law of the Conservation of En-
ergy is already known—that is, that the sum of 
all the energies of the universe, actual and po-
tential, is unchangeable” (Rankine, 1853). 
This principle eventually became known as 
the First Law of Thermodynamics, which 
states that “energy can be neither created nor 
destroyed during a process. It can only change 
forms.”  (Cengel & Boles, 2015). Interest-
ingly, the Second Law of Thermodynamics 
involves a property that cannot be con-

served: ‘entropy’ which may be understood 
as “a measure of molecular disorder (or random-
ness)”. Every process generates entropy. Be-
ing closely related to energy, it appears as if 
the First Law is contradicted by the Second 
Law, yet the Second Law is concerned with 
the quality of the energy and not its quan-
tity. While the quantity remains always 
equivalent (the First Law), the quality al-
ways decreases accompanied by an increase 
in entropy (the Second Law) (Cengel & 
Boles, 2015). Moreover, in the 20th century 
mass and energy were recognized as being 
equivalent to one another. The most famous 
equation of the German-born theoretical 
physicist Albert Einstein, E=mc², derived 
for the first time in the paper ‘Does the inertia 
of a body depend upon its energy-content?’, is 
an expression of this equivalence which 
unifies both Laws of Conservation of Mass 
and Energy: “the mass of a body is a measure of 
its energy content” (Einstein, 1923).

All of the aforementioned are examples 
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Figure 6. Portraits of: (a) Galileo Galilei, by Sarah K. Bolton (1889); (b) Gottfried Wilhelm Leibniz, by Johann 
Friederich Wentzel (ca 1700); (c) Julius Robert von Mayer by Friederich Berrer (1868); (d) James Prescott Joule, by 
Henry Roscoe (1906); (e) Hermann von Helmholtz, by Ludwig Knaus (1881); (f) William John Macquorn Rankine, 
by Thomas Annan (date unknown); (g) Albert Einstein during a lecture in Vienna in 1921, by Ferdinand Schmutzer 
(1921). Source: Wikimedia Commons, public domain.
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of a notion of Equivalent Exchange, ranging 
from the intuitive to the scientific under-
standing, underlying a wide array of hu-
man experiences. Therefore, it is not sur-
prising that its representations in the realm 
of fantasy are treated as normal features of 
the fictional world. Whenever the intuition 
of Equivalent Exchange is represented 
through supernatural occurrences, we may 
observe two different—often mutually ex-
clusive—conceptions which reflect either 
incommensurable or commensurable terms 
of Equivalent Exchange. In the first case, 
fantastic beings, worlds and happenings 
are largely unexplained. In the second case, 
magical phenomena are attributed, par-
tially or totally, to scientific principles in an 
attempt to make them quantifiable.

Let us discuss the first case. In his essay 
‘On Fairy-Stories’, English writer and philol-
ogist John Ronald Reuel Tolkien illustrates 
the inexplicability of the magical world. 
Faërie, as he calls it, is “the realm or state in 
which fairies have their being”. Tolkien says “I 
will not attempt to define that, nor to describe it 
directly. It cannot be done. Faërie cannot be 
caught in a net of words; for it is one of its qual-
ities to be indescribable, though not impercepti-
ble. It has many ingredients, but analysis will 
not necessarily discover the secret of the whole. 
[...] Faërie itself may perhaps most nearly be 
translated by Magic—but it is magic of a pecu-
liar mood and power, at the furthest pole from 
the vulgar devices of the laborious, scientific, 
magician” (Tolkien, 1984). In works of fic-
tion that agree with this form of indescrib-
able realm, laws and principles are not es-
tablished in scientific (or quantitative) 
terms, but are rather perceived intuitively.

Examples of Equivalent Exchange in its 
intuitive form related, for instance, to the 
use of magic, are present in a vast number 
of this kind of fantastic universes. In the 
second episode of the streaming television 
show The Witcher, based on the works of 
Polish writer and essayist Andrzej Sap-
kowski, sorceress Tissaia de Vries demon-
strates that the use of magic has a cost, ex-
plaining that “there is no conjuring something 
from nothing. There is a give and take” (Klein 
& Sakharov, 2019; Fig. 7a). Thus, it is diffi-

cult to conceive a world where magic can be 
used without limits. Indeed, limits are set 
for instance in terms of exhaustion, as illus-
trated in Cardcaptor Sakura’s episode 
‘Sakura and the Panicky Bike’, where the 
protagonist Sakura faints after casting sev-
eral consecutive spells to transform magical 
cards (Ohkawa & Takase, 1999; Fig. 7b). For 
this, her companion Kero scolds her: 
“Sakura! What recklessness was that? If you 
change all the cards at once with what little 
magic you have, of course you collapse, 
Sakura!” In other imaginary universes, the 
limits of magical power are set in terms of a 
maximum number of magical events. For 
instance, genies grant a total of 3 wishes to 
their masters according to Western pop cul-
ture (Anonymous, [1909]; Perrault, 1993; 
Musker et al., 1992; Brändström & Koorse, 
2019), and wizards in Dungeons & Dragons
can only perform a certain number of spells 
per day (Gygax & Arneson, 1983). 

Other examples of intuitive Equivalent 
Exchange involve some sort of payment in 
exchange for the ability to perform magic. It 
may be paid upfront, for instance, by con-
suming magical power–sometimes referred 
to as ‘mana’, which is typically found in nu-
merous board games and video games (Fig. 
7f). An illustrative instance is the 
‘Shinigami Eyes Deal’ presented in Death 
Note’s episode ‘Assault,’ where the charac-
ter Misa Amane is granted the ability of 
knowing the names and lifespans of other 
people in exchange for half of her remain-
ing lifespan (Inoue & Tsuchiya, 2006; Fig. 
7d). The payment may also be collected af-
ter the transaction. For example, in Man-
sions of Madness, an app-assisted board 
game (Valens, 2016) based on the works of 
the U.S. American writer Howard Phillips 
Lovecraft, whenever an investigator (a 
player) casts a spell, in addition to the de-
sired effect there will be an unknown conse-
quence, the nature of which is only revealed 
after the spell is cast (Fig. 7e).

In contrast to the intuitive conception of 
Equivalent Exchange, let us now discuss the 
second case, in which magical phenomena 
are attributed, partially or totally, to scien-
tific principles. A beautiful example of such 
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a setting is found in The Kingkiller Chronicle
series authored by the U.S. American writer 
Patrick Rothfuss. In this work, the arcane 
art known as ‘sympathy’—“you’d probably 
call it magic”—is explained in terms of trans-
fer of energy. In the words of Kvothe, the 
protagonist, “In sympathy, most of what you 
are doing is redirecting energy. Sympathetic 
links are how the energy travels” (Rothfuss, 
2011). In the books, energy transfer phe-
nomena related to sympathy are explicitly 
subjected to “the Law of Conservation, which 
says ‘energy cannot be destroyed nor created’” 

(Rothfuss, 2011). This refers to the actual 
scientific Law of Conservation of Energy 
that we discussed earlier.

When Conservation Laws are used to ex-
plain magical phenomena in scientific 
terms, they serve as the basis of a commen-
surable (and thus, quantitative) Equivalent 
Exchange. Conversely, whenever magical 
phenomena are left unexplained, they ex-
press an incommensurable form of Equiva-
lent Exchange. However, there are fictional 
works in which the foundations of equiva-
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Figure 7. (a) Tissaia de Vries demonstrates that the use of magic comes with a price; screenshot from episode ‘Four 
Marks’ of The Witcher (Klein & Sakharov, 2019). (b) Sakura collapses after attempting to convert several Clow 
Cards to Sakura Cards at once; screenshot from Episode 53 of Cardcaptor Sakura (Ohkawa & Takase, 1999). (c) 
Consequences of the Threefold Law are shown to Bonnie and Rochelle; screenshot from The Craft (Filardi & Flem-
ing, 1996). (d) Misa obtains the Shinigami Eyes, granting her the ability of knowing the names and lifespans of 
other people, in exchange for half of her remaining lifespan; screenshot from episode ‘Dealings’ of Death Note (In-
oue & Yoneda, 2006). (e) Casting spells in Mansions of Madness (Valens, 2016) brings unavoidable, sometimes terri-
ble consequences; photograph taken by the authors of this paper. (f) With an empty mana bar, an alien fails to cast 
a spell; screenshot from Castle Crashers (The Behemoth, 2015).
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lence appear to be ‘quantifiable,’ and yet re-
markably not ‘equal.’ An example is found 
in the film The Craft (Filardi & Fleming, 
1996). In the film, occult shop’s owner Lirio 
Santana warns the young witches “What-
ever you send out, you get back times three”. 
This refers to the Threefold Law, a “basic 
tenet of Witchcraft” according to the best-
selling author Lisa Chamberlain’s Wicca for 
Beginners: A Guide to Wiccan Beliefs, Rituals, 
Magic and Witchcraft: “Also known as ‘The 
Rule of Three’ and ‘The Law of Return,’ this 
principle states that whatever witches send out 
into the Universe as intent, whether positive or 
negative, will come back to them three times as 
great” (Chamberlain, 2014). Such a law 
might be interpreted as a quantitative ‘Un-
equivalent Exchange’ (in a 1:3 ratio). That 
interpretation, however, has an inherent 
flaw: it assumes that it is possible to mea-
sure and triplicate the consequences of the 
witches’ actions. But this is clearly not the 
case. During The Craft’s climax, the protago-
nist Sarah shows coven members Rochelle 
and Bonnie terrifying illusions of them-
selves suffering the consequences of abus-
ing their magical power (Fig. 7c), but these 
consequences are not strictly the result of 
multiplying their actions by three. Here, 
“getting back times three” is not taken as a 
quantifiable measure of action, but rather as 
an expression of amplified consequences.

We propose that principles such as The 
Threefold Law illustrate that actions are of-
ten followed by greater, yet unquantifiable, 
results. Moreover, although this seems to 
point to a notion of Unequivalent Ex-
change, the proportionality of The Three-
fold Law is indeed intended as an expres-
sion of equality. Here, the apparent 
inequality is accounted for by the unquan-
tifiable nature of its elements, just like in the 
examples of fiction with incommensurable 
phenomena of equivalence. Incommensu-
rable as this magnitude may be, it is per-
ceivable, which leads to the intuition that 
there is something more to the Equivalent 
Exchange than meets the eye. Hence, we 
further propose that the intuitive (or non-
quantitative) notion of Equivalent Ex-
change is more comprehensive than its sci-
entific expression.

Clearly, there is a universal intuition of 
the Law of Equivalent Exchange in an un-
quantifiable form that entails limitations for 
its scientific understanding. In Full Metal 
Alchemist, the main catalyst of the story 
adeptly demonstrates the extent of these 
limitations: Alphonse and Edward Elric fail 
trying to return their mother from death be-
cause, contrary to their original assump-
tions, the Law of Equivalent Exchange can-
not be expressed as a scientific quantitative 
relation. The procedure they attempt, called 
a ‘human transmutation’, is presented as a 
reaction through which an alchemist cre-
ates (or recreates, in this case) a human be-
ing according to the Law of Equivalent Ex-
change. The procedure includes a precise 
calculation of the ingredients that form an 
average human adult body (cheap and 
readily found, as Edward points out) in 
alignment with the Law of Conservation of 
Mass: “Water, 35 liters; carbon, 20 kilograms; 
ammonia, 4 liters; lime, 1.5 kilograms; phospho-
rus, 800 grams; salt, 250 grams; saltpeter, 100 
grams; sulfur, 80 grams; fluorine, 7.5 grams; 
iron, 5 grams; silicon, 3 grams; and traces of 15 
other elements” (Arakawa, 2001). Yet, despite 
utmost precision in these calculations, the 
transmutation fails. Interestingly, Alphonse 
and Edward do not conclude from their 
failure that the procedure is not governed 
by the Law of Equivalent Exchange, but 
rather, that they do not fully understand 
what that law truly means. The story re-
volves around the progression from asking 
what was missing in their human transmu-
tation attempt, to asking why it is impossi-
ble in principle. Ultimately, they realize that 
science cannot thoroughly encompass the 
Law of Equivalent Exchange.

The shortcomings of the scientific com-
prehension of the Law of Equivalent Ex-
change are presented in Full Metal Alchemist
in the form of a question: why does human 
life defy being measured? This question 
forces a paradox on the Elric brothers: on 
the one hand, human life is clearly more 
valuable than common pursuits like power 
and wealth; on the other hand, human life 
is essentially invaluable. The first side of the 
paradox is presented, for example, through 
the war between the peoples of Ishval and 
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Amestris. The story shows that the war was 
purposefully fueled by the antagonists, the 
‘homunculi’, each of which is named after a 
traditional Christian sin, such as pride or 
lust. These sins illustrate human inclina-
tions towards goods which, whenever 
treated as more valuable than human life, 
turn into evils. The second side of the para-
dox is mainly explored through the search 
for the ‘philosopher stone’. This legendary 
item is allegedly impervious to the Law of 
Equivalent Exchange and would thus allow 
its user to create, among other things, hu-
man life out of nothing. The homunculi are 
revealed to have come from such an artifact. 
But, as it turns out, the philosopher stone is 
only a fraud, and the creatures generated by 
it are less than human (as suggested by the 
etymology of homunculi, little humans). 
This shows that the assumption that there 
can be a quantitative measure of human 
lives which would solve the equation of cre-
ation is flawed.

Hence, Edward and Alphonse learn that 
human life is both of a value comparably 
greater than material possessions, power or 
any other such pursuit, and yet, of an incal-
culable value that cannot be compared with 
anything else. In the story, when alchemists 
attempt a human transmutation, they are 
brought in front of ‘The Gate’, a mysterious 
set of stone doors in a place where the over-
arching balance of the world is guarded. All 
the knowledge of the universe is said to lie 
behind The Gate, kept by an entity called 
‘Truth’ (Fig. 8a). Those who acquire some of 
this knowledge have to pay something dear 
in exchange. The story is intentionally 
vague as to the measure of these exchanges, 
since the impossibility to express them in 
quantitative terms is precisely the point. 
Any knowledge earned through The Gate is 
not communicable, and thus, not scientific, 
and yet it allows alchemists to understand 
the world better and make use of their 
power to perform alchemical exchanges. 
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Figure 8. (a) Edward meets Truth at The Gate. Source: Fullmetal Alchemist Wiki, CC-BY-SA (fair use). Attempting 
human transmutation comes with a huge price to meet the Law of Equivalent Exchange: (b) Alphonse loses his 
body and (c) Edward loses his leg; screenshots from Full Metal Alchemist: Brotherhood (Ōnogi & Miyake, 2009).
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Edward and Alphonse Elric, for instance, 
gain the ability to perform alchemy without 
drawing transmutation circles, something 
impossible for other alchemists, no matter 
how talented (Ōnogi & Miyake, 2009; Fig. 
8b,c). Yet, at the end of the story, even this 
great power, for which a dear price had to 
paid, proves incomparable to human life: 
Edward chooses to give up his entire ability 
to use alchemy in exchange for his brother 
Alphonse recovering his body. After what 
the brothers learned throughout their jour-
ney, Edward gladly pays this price.

According to our interpretation, the 
story makes use of this unresolved impasse 
to showcase that the prevalent intuition of 
Equivalent  Exchange acts as the foundation 
of scientific understanding but ultimately 
transcends it.

CONCLUSIONS

In this work, we discussed the notion 
presented in Full Metal Alchemist as the 
‘Law of Equivalent Exchange’. We showed 
its prevalence as an intuition throughout 
human experience, exemplified through re-
ligious rituals and sacrifices, economic 
practices, social norms and justice, as well 
as cosmological conceptions. The scientific 
expression of this notion provides an in-
stance of special importance, since its aim is 
to communicate the different forms of 
equivalence in quantitative, commeasur-
able terms. Hence, we examined the rela-
tion between the Law of Equivalent Ex-
change and the Conservation Laws.

Furthermore, we recognized that fic-
tional works tend to represent this underly-
ing principle of equivalence in any of two 
modalities, either adopting the scientific 
view of Equivalent Exchange when their 
principles are commensurable, or a view 
that exceeds the scientific perspective, by 
establishing that these equivalence princi-
ples are incommensurable. Thus, we exam-
ined Full Metal Alchemist as belonging to the 
second case, providing an excellent illustra-
tion of the limitations of the scientific con-
ception of Equivalent Exchange. According 
to our interpretation, the subject explored 

by the fictional narrative of Full Metal Al-
chemist is the limitations of the scientific 
conception and its consequences. These fi-
nally lead to the insight that the value of hu-
man life is the epitome of the incommensu-
rable in any relation of Equivalent 
Exchange, and thus, falls beyond science’s 
purview. 
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