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The wind blows more strongly at higher
altitudes. That is why wind turbines

have grown ever taller. The blade tips of to-
day’s biggest now reach up a dizzying 260
metres, the height of the Transamerica
building in San Francisco. Many dream of
capturing stronger winds even higher up
than that, but building taller turbine masts
and constructing blades able to withstand
the terrifying stresses involved in high-al-
titude wind gathering are costly. A number
of firms are therefore developing a differ-
ent and, they hope, ultimately cheaper ap-
proach to generating electricity at great
heights. Their idea is to skip the mast alto-
gether. Instead they propose to fly kites. 

The kite developed by SkySails, a Ger-
man firm, is a rectangular parachute-like
structure attached to an 800-metre-long
tether. This tether starts off coiled around a
horizontal drum that is mounted on an
axle which is anchored at each end in the
shipping container in which the system’s

generator is housed. 
SkySails’ kite is launched, like a recre-

ational kite, into the wind at ground level.
Then, as the kite is pulled up by the wind
while being manipulated to travel in a se-
ries of figures-of-eight in order to achieve a
constant, optimal speed, the tether un-
coils, spinning the drum. That powers a
generator. Once the tether is fully extend-
ed, the kite is angled to catch less wind,
reeled partway back in, and allowed to reel
out again. In-reeling, according to SkySails’
boss, Stephan Wrage, consumes only 4% of
the energy the kite generates on its way out,
so the process is pretty efficient. 

Let’s go fly a kite
The SkySails Power system, as it is called,
goes on sale next year. A single unit will
produce 200 kilowatts—enough to run
about 100 homes. It will, Mr Wrage says,
cost about €300,000 ($340,000). At $1,700
a kilowatt, that is half the cost of a conven-

tional turbine of equivalent capacity, and is
comparable with the cost per kilowatt of
industrial-scale turbines that have outputs
measured in megawatts. Nor is SkySails
alone in designing a system that works
with a simple, wind-launched kite of this
type. Kitepower, a competitor in the Neth-
erlands, has come up with a similar ar-
rangement, albeit somewhat smaller,
which it, too, expects to be on sale next
year. Other firms, however, are working on
kites that are launched actively from the
ground, rather than relying on winds near
the surface for their initial lift. 

One such is TwingTec, a Swiss firm. Its
prototype rises dronelike into the air, lifted
by electrically driven propellers at the end
of its wings (which have a combined span
of three metres). The kite then stays aloft
until its sensors indicate that the wind has
died down, after which it lands itself auto-
matically on a truck-top pad. TwingTec is
now building a bigger version, with a wing-
span of 5.5 metres, that will begin produc-
ing power for bkw Energie, a Swiss utility,
in October.

Another system with active launch is
that designed by Ampyx Power, a Dutch
company. Its prototypes, which also have a
wingspan of 5.5 metres, are propelled into
the air by catapult—though, like Twing-
Tec’s, they also have propellers to allow a
controlled descent and landing once a tour 

Alternative energy

Castles in the sky?

An innovative approach to making electricity from the wind

Science & technology

77 Revealing forged art

78 Diet and evolution

78 Fungal arbitragers

Also in this section

  



The Economist June 8th 2019 Science & technology 77

2 of duty is over. 
These current versions, though, are just

the beginning. The firm hopes, later this
year, to fly an arrangement with two fuse-
lages and a wingspan of 12 metres. And
even that is but a stepping stone. The target
is a wingspan of 36 metres. This version,
scheduled for 2024, will have an output
(2.36 megawatts) and a price (€2.4m) about
the same as those of a standard turbine in a
wind farm.

Nor is it absolutely necessary that the
electricity generation is done on the
ground. Makani, a firm recently absorbed
by Alphabet, Google’s parent company, has
a different approach. It is lifting the gener-
ators into the sky, on board a pilotless air-
craft with a wingspan of 26 metres. This
craft has eight rotors, which act as propel-
lers for take-off and landing. Once at oper-
ating altitude, however, they become min-
iature turbines. The electricity they
generate (600 kilowatts at full capacity) is
sent to the ground through a power line en-
cased in a tether nearly half a kilometre
long. Makani’s prototype has been tested in
Hawaii and, later this year, a further series
of tests from an oil platform off the coast of
Norway are planned. 

Up to the highest height
Whether power-generation from high-alti-
tude winds actually can compete with ex-
isting turbines remains to be seen. The po-
tential is certainly there. Airborne Wind
Europe, an industry group based in Brus-
sels, calculates that the wind blows fast
enough at heights of around 500 metres for
this form of energy production to work al-
most anywhere in Europe. Lower down,
however, the strongest winds are often
found in coastal areas. These are places
where population densities are frequently
high and land for onshore wind farms is
thus expensive, while building those farms
offshore increases the awkwardness of
construction and maintenance. 

The mechanics of kite-flying, however,
are more stressful than those of a wind tur-
bine revolving smoothly and regularly. Fly-
ing tight figures-of-eight in gusty winds
while pulling on a tether requires a robust-
ness of structure and a precision of control
that go beyond those involved in conven-
tional aeronautics. And if, despite all pre-
cautions, a tether were to snap, measures
would need to be in place to bring both it
and the kite once attached to it safely back
to earth. Moreover, air-traffic-control au-
thorities will doubtless have something to
say if their airspace seems likely to be in-
vaded by fleets of giant kites. 

Regardless of all this, high-altitude
wind generation is an intriguing idea. In a
world searching hard for alternatives to
fossil fuels, it seems a promising option.
The next few years should show whether or
not that promise can be realised. 7

The amount of creativity that forgers
put into their work can sometimes rival

that of the artists they copy. A sharp eye and
an uncertain provenance might suggest to
someone that a particular work is counter-
feit, but often science is the only way to
prove it. This can be done by analysing the
materials the artist used, to see if they are
contemporary with the claimed date of the
painting. Forgers, though, are wise to this.
Some remove the paint from old canvasses
and reuse them for their creations. They
also apply pigments prepared in period
ways. Such trickery could become easier to
expose with a new technique to spot mod-
ern forgeries from the tiniest of samples.

One of the difficulties with the laborato-
ry analysis of a painting is obtaining sam-
ples of a sufficient size. Often the tests in-
volved are destructive, so the same sample
cannot be tested twice to confirm the re-
sults. A piece of wood from the back of a
frame or a fragment trimmed from the edge
of a canvas might be an acceptable loss. But
taking a portion of paint from the picture
itself could be a problem, especially if it
damages what could turn out to be an ex-
tremely valuable work.

One technique is to use radiocarbon
dating to establish the age of any organic
materials in the sample. This process relies
on measuring the presence of carbon-14
(14C), a mildly radioactive isotope created
naturally in the atmosphere by cosmic
rays. Since it is radioactive, it decays away,
so old things have less of it than modern

ones—and exactly how much less is pre-
dictable. Again, though, sample size can be
a problem. Radiocarbon dating used to re-
quire samples in the region of tens of
grams, but advances in scientific methods
mean the amount of test material required
is being dramatically reduced.

The latest reduction was reported this
week in the Proceedings of the National
Academy of Sciences, by Laura Hendriks of
eth Zurich and her colleagues. By convert-
ing a sample into carbon dioxide and then
into ions, before using an accelerator mass
spectrometer, a sensitive instrument capa-
ble of measuring the quantity of 14C pre-
sent, Dr Hendriks has brought the amount
needed down to millionths of a gram. 

The team tested their technique on a
known forgery, a painting entitled “Village
Scene with Horse and Honn & Company
Factory”, which imitates an American
primitive folk-art style. The painting is dat-
ed May 5th 1866 and signed “Sarah Honn”.

The researchers took two samples. One,
weighing 330 micrograms (as millionths of
a gram are known), consisted of a few fibres
from the canvas. Testing these produced a
date range showing they were consistent
with the claimed date of the painting.

Determining the age of the paint was
trickier. A fleck weighing just 160 micro-
grams was taken from part of a white-
painted building on the canvas. This con-
tained inorganic pigments in an organic
binding medium overlaid by a shellac var-
nish. What the group were interested in
was the oil used in the binding medium, as
this would have come from biological
sources, such as seed oil, and would thus
contain 14C that would have started decay-
ing at the time the oil was produced. 

First, the researchers needed to remove
the varnish to avoid mixed ages from two
different sources. Varnishes are often add-
ed later to paintings, so are not reliable for
dating. Suitably cleaned up, the sample
weighed only 58 micrograms. Neverthe-
less, this was enough to show that it con-
tained an excess of 14C that was characteris-
tic of when nuclear testing during the cold
war added to the effects of cosmic rays,
causing spikes in the usual background
amount of the isotope in the atmosphere. 

Detailed analysis revealed two possible
periods for the binding medium’s manu-
facture: 1958-61 or 1983-89. That compares
well with the real history of the painting.
When he was convicted in 1990, after a de-
cade of producing and selling fakes, Robert
Trotter, an American artist, confessed that
he had painted “Village Scene” in 1985. 

Dr Hendriks’s experiment shows that it
is now possible to date a sample of paint
weighing no more than 200 micrograms.
This could mean more paintings of disput-
ed origin are offered for analysis—or may-
be not if their owners are unwilling to con-
template bad news. 7

A new technique uses minute samples
to decide when an artist applied paint
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In the soil, where plants’ roots meet
fungal hyphae, there are trading posts

of a type that came into being more than
200m years ago—long before people got
around to engaging in similar activities.
These meeting places are the exchanges
where plants provide fungi with nutrient
molecules, such as sugars and fats, that
they make by photosynthesis, in ex-
change for raw materials like nitrates
and phosphates, which fungi are adept at
collecting from the surrounding area.

That much is well established. Bota-
nists have long wondered, however, how
the details change when resources be-
come patchy, and thus scarce in some
places and abundant in others. A study
just published in Current Biology by Toby
Kiers of the Free University of Amster-
dam suggests that, like cunning mer-
chants who know how to make a profit,
fungi exploit resource scarcity by mark-
ing up their prices. They demand more
nutrients from plants in return for their
valuable mineral commodities.

Such canniness has long been sus-
pected. But proving it means tracking the
raw materials as they are collected and
distributed. That has proved tricky. Dr
Kiers, though, thought she could do it
using structures called quantum dots.

A quantum dot is a mote of matter a
few nanometres across. It is made of a
semiconducting material capable of
fluorescing when struck by ultraviolet
rays, and different sorts of dot fluoresce
in different colours. Dr Kiers theorised
that if she and her team attached quan-
tum dots to particles of phosphate then

they might be able to track those parti-
cles around as they were collected by
fungi and passed along to plants. Mat-
thew Whiteside, a member of her team,
developed the technique, tested it and
found that she was right. After sowing a
Petri dish that played host to fungal
hyphae and carrot roots with tagged
phosphates Dr Whiteside found that he
could, after sufficient time had passed,
spot the tagged phosphates inside both
hyphae and roots by shining ultraviolet
light on them.

Dr Kiers then arranged for some
patches of the Petri dish “garden” in
which the fungi and carrots were grow-
ing to be rich in phosphates, and some to
be poor. She also arranged for the phos-
phates in the rich zones to be tagged with
dots that would fluoresce blue when
bombarded with ultraviolet light and for
those in the poor zones to fluoresce red.
As she monitored the collection and
trading of the phosphates from fungi to
carrots she found that the fungi enthusi-
astically transported them across the
hyphal network from areas of abundance
to zones of scarcity.

Moreover, though she was unable to
measure directly what price the carrots
paid for their phosphates, she managed
to do so indirectly. She found that hy-
phae growing in resource-poor patches
put on more weight per unit of phos-
phate transferred to nearby roots than
did those in patches of abundance. This,
she argues, makes it clear that fungi in
zones of scarcity are marking up the
price of their products.

An underground marketplace
Symbiosis

Fungi, it turns out, are canny traders of nutrients to plants

It is easy to assume that the long march of
evolution has halted in modern man—

that the safe, disease-free lives people now
lead mean natural selection no longer op-
erates on much of Homo sapiens. It is an at-
tractive idea. Frances Brodsky of University
College, London and her colleagues, how-
ever, beg to differ. A paper they have just
published in eLife suggests that diet, at
least, is still a selective pressure.

Dr Brodsky and her team study proteins
called clathrins. These are involved in a
range of matters physiological, but one of
the molecules the team is investigating,
encoded by a gene called CLTCL1, is con-
cerned with the regulation of blood-sugar
levels. CLTCL1 comes in two forms, one
more efficient than the other at encourag-
ing the removal of glucose from the blood.
The team decided to look into the evolu-
tionary history behind this. 

To do so they analysed the relevant dna
in 2,504 human genomes taken from a da-
tabase called the 1000 Genomes Project.
This project has collected samples from 26
human populations around the world.
They also looked at chimpanzee dna, and
at fossil dna from two extinct species of
human, Neanderthals and Denisovans.

Putting all this information together
they deduced two things. First, just under
half of people alive today carry the more ef-

ficient version of the gene. Second, this
version is also a more recent version of the
gene. It seems to have started spreading
during the Neolithic—the moment when
humans started farming cereals.

Dr Brodsky suspects this is no coinci-
dence. A cereal-based diet is far richer in
carbohydrates than the diet of a hunter-
gatherer. Once digested, those carbs will
end up as glucose in the bloodstream. An
inability to control high blood sugar is
known as diabetes. And diabetes can be fa-
tal. So a better way of removing glucose
from the blood and into storage cells will be
favoured by natural selection. A gene var-
iant encouraging this would probably
spread quite rapidly through a population
of farmers.

There is, in fact, already one known ex-
ample of something similar having hap-

pened—the persistence into adulthood of
the ability to digest lactose, a sugar found
in milk. Human children produce an en-
zyme, lactase, that lets them do this. Usual-
ly, this capacity is lost in adults. But popu-
lations descended from those that
domesticated milk-producing animals
such as goats and cattle often retain lac-
tose-digestion into adulthood.

Whether the efficient form of CLTCL1
really is still becoming more abundant—
and people are thus evolving—is impossi-
ble to say at the moment. One thing which
remains to be confirmed is that those with
the less effective version actually do have
problems regulating their blood-sugar lev-
els. If that turns out to be true, though, and
given that even today diabetes kills many
people, the chances are good that this piece
of evolution is still a work in progress. 7

Modern humans may be evolving to
deal with carbohydrate-rich diets

Diet and evolution
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During his final years, Vasily Grossman
kept a few cherished mementoes in his

shabby Moscow flat. One was a safety lamp
presented by colleagues at the coal mine in
the Donbas where, as a young chemist, he
had worked to prevent explosions. Another
was a child’s alphabet block he found after
the liberation of the Treblinka extermina-
tion camp.

Born in 1905 to a Jewish family in Berdi-
chev, now in Ukraine, Grossman (pictured)
had entered the camp after gruelling front-
line service as a Soviet war correspondent
for the Red Army’s newspaper. In Novem-
ber 1944, in the journal Znamya, he pub-
lished his essay “The Hell of Treblinka”. It
ranks not only as one of the first eyewit-
ness reports of the Holocaust, but, as Alex-
andra Popoff says in her scrupulous but
impassioned biography, as a work with
“the everlasting quality of genuine art”. 

In an article he wrote in 1946 Grossman
affirmed: “There is nothing more precious
than human life; its loss is final and irre-
placeable.” The miner’s lamp, the child’s al-
phabet, testify to his core beliefs. Yet as a

fine journalist, then a peerless novelist of
the horrors of war and tyranny, his destiny
was to inhabit times and places that
ground up human beings by the million. In
his novel “Stalingrad”, which is only now
being published in English, the sight of a
dying old woman on a bombed boulevard
prompts the anguished question: “Human
suffering. Will it be remembered in centu-
ries to come?” Or will the tears and despair
disappear like “the smoke and dust blown
across the steppe by the wind”? Grossman’s
oeuvre, which includes what may be the
greatest fiction of the second world war in
any language, has helped salvage that suf-
fering from oblivion. 

Western readers mostly know Gross-

man for “Life and Fate”, his epic of the bat-
tle of Stalingrad and its aftermath. After its
completion in 1960, the kgb confiscated
the manuscript. Soviet censors decreed
that the novel’s unflinching comparisons
between the barbarism of Nazi and Stalin-
ist regimes would make it unpublishable
for 250 years. Its Jewish author’s vigilant at-
tention to the anti-Semitism perpetrated
by both systems embarrassed Soviet appa-
ratchiks for decades.

Grossman died, poor and still under
suspicion, in 1964. But by 1980 “Life and
Fate” had reached the West via microfilm.
In 1985 Robert Chandler’s magnificent
translation primed the book for fame in the
English-speaking world. Radio and stage
adaptations have enhanced its reputation
as the “War and Peace” of the 20th century. 

The parallel with Tolstoy, which both
blessed and plagued Grossman, dates to
the early 1940s. Stalin himself, Ms Popoff
reports, had “anticipated a Soviet ‘War and
Peace’.” Grossman, once a protégé of the So-
viet literary guru Maxim Gorky, seemed a
prime candidate to write it. Indeed, togeth-
er with “Life and Fate”, “Stalingrad” forms a
consciously Tolstoyan fictional diptych in-
spired by the epoch-making Russian vic-
tory in 1942-43. 

“Stalingrad” came first. Published in
censored form as “For a Just Cause” in 1952,
it contained sections reluctantly inserted
to obey the party line. In 1956, after Stalin
died, a new edition allowed Grossman to
restore much of his own voice. But no fewer

Russian literature
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than 11 versions of the manuscript survive.
For this translation, as forceful, sensitive
and richly coloured as that of “Life and
Fate”, Robert and Elizabeth Chandler have
woven the strongest unpublished material
into the 1956 version. 

Homer on the Volga
The result is another huge, seething fresco
of front-line combat, domestic routine un-
der siege, and restless debate. Again, Gross-
man transforms into art “all the savage
grief and homeless happiness of those ter-
rible years”. Again, he resolves the imper-
sonal waves of 20th-century history into
brilliant particles of human life. The peril
of each hour on the brink of destruction
makes “the value of every individual” shine
brighter than ever before. 

“Stalingrad” (Grossman’s original title)
introduces many characters who return in
“Life and Fate”, in particular the extended
family of the scientist Alexandra Shaposh-
nikova. The Jewish physicist Viktor
Shtrum, her son-in-law and the ambiguous
hero of the later novel, here plays a smaller
but still pivotal role. Three generations of
the clan labour, love and fight as the Red
Army’s chaotic, 1,000km retreat from the
German invaders halts at the Volga. Finally,
in the late summer of 1942, the Soviet “river
of iron and steel” starts “flowing back, from
east to west”. 

In the front-line posts, factories and
power-plants of Stalingrad itself, with in-
terludes in Moscow, Kazan and even in the
German high command, Grossman knits a
dozen plot strands into a single narrative.
He shows how “a lacerating sense of his-
torical change” cuts deep into the exhaust-
ed bodies and brooding minds of his char-
acters. The battle scenes set in Stalingrad’s
“vast, rumbling smithy” have all the mes-
meric thrill and dread that admirers will re-
call from “Life and Fate”. The lyricism, ten-
derness and pathos of the moments of
respite touch the same heights. An or-
phaned boy in a children’s home who
“could not tell anyone his pain”, but finds
comfort from a kindly cleaner, matters as
much to Grossman—or rather, infinitely
more—than the generals and leaders who
sacrifice millions of pawns on their strate-
gic chessboards.

There are, though, differences between
the two masterworks. Unlike “Life and
Fate”, written after Stalin’s death in the
hope of greater freedom, Grossman drafted
parts of the earlier book under duress.
Some chapters of heroic labour in the fields
or mines echo Socialist Realist doctrine. A
very few pages parrot the sloganeering up-
lift of party orthodoxy. 

Grossman still finds ways to spotlight
the Holocaust—even though, as Ms Popoff
notes, he completed the book as “Stalin’s
campaign against ‘rootless cosmopolitans’
was picking up steam”. German officers

mutter about “a real factory for processing
Jews”. Above all, his characters witness,
suffer and reflect with a hyper-real intensi-
ty. It illuminates nearly every page like the
hellish glow that lights up the night sky
over Stalingrad. With the German axe
“raised high in the air”, the city becomes a
second Troy, and Grossman its bard. 

“What on earth’s the ‘Iliad’ got to do
with it?” asks one of Alexandra’s daughters
after a doomed friend refers to a captive
Trojan princess. Simple: few works of liter-
ature since Homer can match the piercing,
unshakably humane gaze that Grossman
turns on the haggard face of war. 7

The edifice of modern physics rests on
two pillars, both built during the early

20th century. One is quantum mechanics,
which deals with the behaviour of very
small things like molecules, atoms and
subatomic particles. The other is relativity,
which is a theory of gravity and therefore of
the universe at the largest scales—planets,
stars and galaxies. Quantum mechanics
was the work of many minds, but relativity
is widely associated with just one person:
Albert Einstein, the most famous scientist
of the last hundred years.

Both theories are strikingly counter-in-
tuitive, which makes them good fodder for
popular-science books. Matthew Stanley
takes an unusual tack. He tells the story of

relativity through two entwined lives—
Einstein’s and that of Arthur Eddington, a
British astronomer whose experiments in
1919 provided the first compelling evidence
that Einstein’s strange theories were cor-
rect. His tale unfolds against a backdrop of
tragic politics, for the development of rela-
tivity coincided with the slaughter of the
first world war. 

A century before Einstein, Humphry
Davy, a pioneering English chemist, ac-
cepted an award from Napoleon while Brit-
ain and France were fighting. Davy insisted
that “if the two countries or governments
are at war, the men of science are not.” In
Einstein’s day many scientists similarly
saw themselves as engaged in an interna-
tional, humanist enterprise that tran-
scended borders and rose above the ugly
banalities of politics. Yet Mr Stanley shows
that, with only a few exceptions, such sen-
timents did not survive the industrialised
violence of the Western Front, in which sci-
ence played an important role. 

Take Fritz Haber, a Prussian chemist
who habitually wore his military uniform
in the lab (it complemented his duelling
scar). He is best known today for devising a
way to produce artificial fertiliser that is vi-
tal to feeding the world. But a tweak to that
same process enabled Germany to carry on
making explosives in the face of a British
naval blockade. Haber also pioneered the
battlefield use of mustard gas. On the Al-
lied side, physicists and mathematicians
drew up ballistics tables for artillery. Wil-
liam and Lawrence Bragg, a father and son,
switched from x-ray research to using
sound waves to locate enemy positions
from the boom of their cannons. 

Herbert Turner, a British astronomer,
began the war as a cheerleader for scientific
internationalism. By 1916 he was arguing in
a British journal that Germans were little
more than a “pre-Asiatic horde” and should
be excluded from scientific endeavours.
Even their language, he thought, should be
banished from the academy. W.W. Camp-
bell, an American astronomer, opined that
Germany, “the most scientific of all na-
tions, has prostituted science to…base am-
bition”. The scathing sentiments were
reciprocated. Wilhelm Wien, a German No-
bel prizewinner, urged that German sci-
ence should be cleansed of “unjustified
English influence” and English terms. 

All this is explored through the eyes of
Mr Stanley’s two subjects, both of whom re-
sisted the tide of militarism and xenopho-
bia. Einstein despaired at the war fever that
overtook his colleagues in Berlin. Edding-
ton was a Quaker and a conscientious ob-
jector. An early convert to relativity, he did
more than anyone to spread its gospel in
the West, as well as trying to keep open
what lines of communication he could be-
tween the belligerent powers. His efforts
culminated in an expedition in 1919 to ob-

Science and conflict

Brothers in arms
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serve a solar eclipse, with the goal of seeing
whether light from distant stars could be
deflected by a massive object like the sun, a
key prediction of Einstein’s theory.

Eddington’s finding that light did in-
deed bend was a dramatic confirmation of
Einstein’s ideas. More than that, it was a
pointed restatement of ideals that the war
had squashed. Einstein’s elevation to glo-
bal celebrity was boosted by the fact (em-
phasised by Eddington) that an English-

man had confirmed a German’s hypothesis
which rewrote the rules of the cosmos.

The breadth of Mr Stanley’s narrative in-
evitably comes at the cost of depth. His
book is simultaneously a brisk biography
of two great scientists, a brief introduction
to relativity, and a potted history of the first
world war. But it is punchy and well-writ-
ten, and full of signposts for readers who
might want to delve more deeply into the
fascinating subjects it explores. 7

Modern capitalism began among
the European merchant families of

the early Renaissance—the Fuggers of
Augsburg, Medicis of Florence and, in
Venice, one Antonio de Rompiasi, who in
1464 hired a tutor in mathematics for his
three sons. Like any sensible teacher,
young Luca Pacioli aimed to make his
lessons memorable and clear. Good
humanist that he was, 30 years later he
gathered all the world’s knowledge of the
subject into a single massive volume.

His “Summa de Arithmetica, Geo-
metria, Proportioni et Proportionalita”
was the 615-page work of a mature pro-
fessor who had spent decades working
across northern Italy. The book was
revolutionary on more than one count. It
integrated computation using Hindu-
Arabic numerals with the logic of classic
Greek geometry; it was written in the
vernacular of the marketplace rather
than Latin (see Johnson); it circulated in
large numbers thanks to the new tech-
nology of printing. Yet its greatest signif-
icance lay in a slim “how to” chapter that
described the double-entry accounting
system used by Venetian merchants.

With examples from dealers in butter
to lemons to silk, Pacioli set out the
method for tracking income and expen-
diture and the calculation of net profit or
loss, which for the first time allowed an
immediate snapshot of a firm’s financial
position. This brief section would facili-
tate the birth of the modern corporation.

“Without order there is chaos,” Pacioli
observed in a breezy style that is still in
vogue in business books today. His man-
ual is stuffed with quotes from scripture
and Dante and pithy advice such as
“Don’t learn from ignoramuses who have
more leaves than grapes.” He wrote the
accounting chapter to help would-be
traders in Venice, then the capital of the
financial world, “sleep easily at night”.
Without double-entry book-keeping,
“their minds would keep them awake

with worry”. He could not suspect that
what might be called “Book-keeping for
Dummies” would become the backbone
of business for centuries.

Like many monumental works of
15th-century printing, Pacioli’s treatise
has survived in its original form. Some
120 copies still exist, from an initial run
of about 1,000. Now today’s moguls have
a chance to own this first folio of finance.
Christie’s, the auction house, is offering a
first edition in the original vellum bind-
ing for sale in New York on June 12th. The
starting price is $1m for what it unabash-
edly calls “the most influential work in
the history of capitalism”.

Pacioli’s later life augments the glam-
our of the first printed use of “plus” and
“minus” signs. Impressed by the book,
Leonardo da Vinci convinced his patron
Lodovico Sforza to hire Pacioli to teach at
the court of Milan. Pacioli and Leonardo
collaborated on the treatise “Divina
Proportione”, which married maths with
art through the study of perspective. Not
one, but two Renaissance masters were
thus responsible for the exquisite har-
mony of “The Last Supper”.

The first folio of finance
Luca Pacioli

A revolutionary 15th-century treatise goes on the block

Pacioli and his handiwork

In thomas gradgrind, Charles Dickens
created an educator who saw his pupils

as “reasoning animals”, with heads that
should be filled with facts and little more.
In “Licence to be Bad”, Jonathan Aldred, an
academic at Cambridge University, casts
economists as the modern Gradgrinds.
They exercise a baleful influence on politi-
cal discourse, he maintains, by taking a
narrow view of humans as essentially self-
ish creatures, forever trying to maximise
their own well-being.

As Mr Aldred points out, economists
have not always thought this way. Adam
Smith is a hero of free-market enthusiasts
but, as well as “The Wealth of Nations”, he
wrote “The Theory of Moral Sentiments”, in
which he opined: “How selfish soever man
may be supposed, there are evidently some
principles in his nature, which interest
him in the fortunes of others, and render
their happiness necessary to him.” In the
20th century John Maynard Keynes wrote
that “economics is essentially a moral sci-
ence and not a natural science. That is to
say, it employs introspection and judg-
ments of value.”

But modern economics, the author ar-
gues, dismisses ethics in favour of a narrow
focus on self-interest. “The argument that
both parties to a voluntary transaction
must be better off, otherwise it wouldn’t
take place,” he writes, “is used to wash away
all considerations of justice, fairness, re-
sponsibility, exploitation and so on.”

Mr Aldred says that economists have
constructed an idealised version of the
world in which people deal with each other
on equal terms, so government interven-
tion is unnecessary, indeed positively
harmful. They have applied the same rea-
soning in the law courts, leading to the doc-
trine that bargaining by parties achieves
the optimal outcome.

A particular target of Mr Aldred’s ire is
the late Gary Becker, who won the Nobel
prize in 1992 for his economic analysis of
social issues. Becker argued that discrimi-
nation against women or ethnic minorities
costs the discriminator money; in fully
competitive markets, it would be compet-
ed away. This argument has been used by
some to claim that anti-discrimination
laws can be repealed, as they are unneces-
sary. It is certainly true that Becker can
come across as laughably po-faced. Mr 
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Johnson The Roman way

Latin is dead—yet, as Italian (and French, and Spanish), it lives on

Cicero, the Roman statesman whose
prose is thought to represent the peak

of style in Latin, was also a bit of a snob
about it. Few others, he complained in a
tome written in 46bc, used the language
properly any more. His gripes would be
worse today. At a recent mass at the
Vatican attended by your columnist,
some of the Latin used by Pope Francis
was impeccable. But much of it was
downright dismal; it would have been
incomprehensible to Cicero. Strangely,
the pope’s remarks were translated into
several other species of terrible Latin. 

That is because the pope’s dismal
Latin is also known as “Italian”. Francis’s
native language, Spanish, is another kind
of deformed Latin. The French in which
his interpreter greeted some of the faith-
ful is yet another variety. 

Family trees of languages typically
show Spanish, French and Italian de-
scending from Latin in the same way that
you are descended from your mother. But
this is misleading. There was no birth of
Italian, nor any definitive death of Latin.
Instead, there were centuries of infini-
tesimal changes. Those who noticed
them would, like Cicero, have considered
them mistakes. But most people didn’t
care, which is how such tweaks took
hold, and spread. As they accumulated,
Latin did not create Italian and its sister
languages. It became them. 

Throughout the Dark Ages, the few
literate Europeans continued to write in
classical Latin. Or they tried to: as their
speech evolved, their writing sometimes
mutated to match it. A list of commonly
misspelled words, written in the third or
fourth century, offers a glimpse of what
was happening. For example, the list
insists on calida (hot) not calda: the
unstressed “i” was evidently disappear-
ing. (Now it is calda in Italian.) Other

Parisian speech with them, and that
became “French”. A mighty state then did
its best to teach that language every-
where, and to eradicate local variants.

Italy was unified far later, in the 19th
century. “Italian” was thus created by the
pen, not the sword. The 13th- and 14th-
century works of Dante, Petrarch and
Boccaccio were the peninsula’s most
revered literature. So when, in the 16th
century, Pietro Bembo sat down to write a
grammar for the prestige language of
their texts, he used their (by now rather
old) Tuscan dialect as his model. In this
way “Italian” was born—though Bembo
titled his book simply “Writings on the
Vulgar Tongue”. It soon spread to elites in
other regions.

Even then, ordinary folk continued
speaking their own dialects, which,
across great enough distances—say from
Milan to Naples—were and remain mu-
tually incomprehensible. These are not
bad copies of Italian but its siblings,
descendants of Latin in their own right.
Over half of Italians proudly speak one of
them still (though nearly all speak Ital-
ian, too). A Sicilian who doesn’t speak
Sicilian is hardly worthy of the name;
Neapolitan plays a crucial role in the
celebrated novels of Elena Ferrante.

These days, amid migration and
globalisation, Italian continues to devel-
op. Naturally some worry that it is hap-
pening too fast; that young people are
derelict in their grammar, or use too
many foreign words. In reality, the same
forces that made Latin from its predeces-
sor (called Proto Indo-European), and
turned Latin into Italian—the drift of
time and exposure to different influ-
ences—are still operating. The only
unchanging language is an unspoken
one. Classical Latin may be dead—but as
Italian, it lives on. Long live dismal Latin! 

sounds were changing, too. Use frigida not
fricda, the list advises. The word for “cold”
was on its way to today’s fredda.

Nor was pronunciation the only mov-
ing part. Modern students of Latin often
wrestle despondently with the language’s
case system, in which the role a noun plays
in a sentence is signalled by alternative
endings. These collapsed into fewer forms
in the Dark Ages; in modern Italian they
leave no trace. Meanwhile, Latin’s three
genders (masculine, neuter and feminine)
merged into two. Words were substituted.
People stopped using Latin’s loqui, “to
speak”, and started using parabolare,
which originally had a narrower meaning.
It became Italian’s parlare.

A millennium or so after Cicero’s
moans, in other words, Europeans spoke a
range of tongues that were nevertheless
related to each other and to Latin. What
happened next in Italy had as much to do
with politics as with the dynamics of
languages. The contrast with its northern
neighbour is instructive. France was uni-
fied by the conquest of territory spreading
out from Paris; the conquerors brought

Aldred quotes his definition of love: “It can
be said that M1 loves F1 if her welfare enters
his utility function.”

The idea that all human actions can be
reduced to a calculation of self-interest is a
bleak one. And it is not true. In Britain, for
example, people give blood out of a sense of
civic duty. Studies show that blood dona-
tion declines when rewarded by money;
worse still, money induces donors to with-
hold details of medical conditions. In a
Swiss village, support for siting a nuclear-
waste dump nearby fell when the residents
were offered compensation; they did not

like the idea of being bribed.
The author neatly subverts the cyni-

cism of some economists, such as the pub-
lic-choice school which believes that poli-
ticians and officials are more interested in
advancing their own interests than in the
public good. By the same logic, he says,
public-choice economists may be advanc-
ing their theories simply to boost their aca-
demic careers and their chances of a lucra-
tive book contract.

But it is unfair to tar all economists with
the same brush; Becker’s views came in for
lots of criticism from within the profes-

sion, for instance. On the left, Thomas Pi-
ketty, Joseph Stiglitz and Tony Atkinson
have all worried about inequality; Mariana
Mazzucato has pointed to the crucial role
played by governments in long-term in-
vestment. And Mr Aldred is strangely dis-
missive of behavioural economists, who
accept that humans are not desiccated cal-
culating machines, and—in the hope of en-
couraging people to pay their taxes, or to
save for their old age—tweak their recom-
mendations accordingly. “Licence to be
Bad” is a powerful tirade, but it is too
sweeping in its condemnations. 7

  


