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Could Coulomb's Experiment 
Result in Coulomb's Law? 
OLDENBURG, GERMANY—Imagine you 
are working late in the laboratory. You have 
been trying for days to get your experiment 
to give you the results you expect. Some o( 
the data agree with your theory; many do 
not. But in your heart you know the theory 
is right; there must be some problem with 
the apparatus. Now if you just publish the 
values that agree with the theory and discard 
the others as "bad trials," , 
that would solve the prob
lem. When you are later 
proven right, who will know 
the difference? 

If you find this tempta
tion frighteningly familiar, 
take heart: You may have 
some illustrious company. 
One of the pioneers of mod
ern physics, Charles Augus-
tin Coulomb, may well have 
gotten away with manipu
lating his data in just this way 
while deriving the famous 
law now named after him. 

Falk Riess and Peter 
Heering, historians of science at the Univer
sity of Oldenburg in Germany, arrived at this 
conclusion after painstakingly building a tor
sion balance modeled on the one Coulomb 
used in 1785 to demonstrate his law of elec
trostatic forces between charged objects. 

Riess and Heering are well known in the 
history of science community for construct
ing replicas of scientific equipment and using 
them both for scholarship and science teach
ing. The pair have reconstructed apparatus 
used in more than 20 physics experiments 
from the 16th to the 19th centuries. They 
obtained the results reported by the original 
researchers in every case except one. The 
German historians found that their appara
tus failed to confirm Coulomb's law reliably, 
and the implication, they believe, is that 
Coulomb was economical with the truth.* 
That interpretation is not universally shared 
by other historians of science, however. And 
even Riess and Heering agree that, while 
Coulomb's scientific method may not have 
been up to today's standards, he was an in
spired scientist and should receive full credit 
for his discovery. 

Coulomb was one of the world's experts 
on torsion, and he put this expertise to use in 
trying to find a law governing electrostatic 
force. His apparatus consisted of a stationary 

* American Journal of Physics 60 (11), p. 988. 

metal ball and an identical ball on one end of 
a counterbalanced horizontal beam that was 
suspended on a fine metal wire so that it 
could swing freely. The whole set-up was 
enclosed inside a glass cylinder. 

Coulomb put a static electric charge on 
the stationary ball and then twisted the wire 
so that the ball on the beam swung round and 
touched it. The charge was instantly shared 

Delicate balance. Coulomb's 1785 drawing of his 
apparatus (below) and Riess and Heering's recon
struction of the experiment (left). 

between the two balls, which then repelled 
each other. By twisting the wire back a cer
tain amount against the force of repulsion, 
Coulomb could measure this force as a func
tion of the distance between the balls. His 
published results show that the balls repel 
each other with a force inversely propor
tional to the square of their distances— 
Coulomb's law. 

After reconstructing the apparatus, 
Heering took the role of experimenter and 
attempted to repeat the experiment as Cou
lomb described it. But try as he might, 
Heering could not get the results that Cou
lomb claims to have found. "I came up with 
all kinds of laws," he says. "Most of them were 
not simple." A few results agreed with the 

theory, but only a small proportion. Heering 
concludes that Coulomb must have derived 
his relation mainly from theoretical consid
erations: Scientists at the time expected an 
inverse square law for electrostatic forces 
similar to Newton's law of gravitational at
traction. Since that is what Coulomb was 
looking for, says Heering, that is what he 
found. Heering and Riess admit, however, 
that the key piece of evidence—the com
plete set of his original data—is missing. 

But the researchers say they have another 
critical clue. In his 1785 treatise on electric
ity and magnetism, Coulomb said that the 
charged ball on the beam oscillated back and 
forth a few degrees in either direction, "re
gardless of how still the air is." Coulomb 

made no analysis of what caused 
the oscillations but compen
sated for this potential inaccu
racy by giving the wire a 30 or 
40 degree twist at the begin
ning. According to Coulomb's 
treatise, the additional torsion 
in the wire damps the oscilla
tions enough to eliminate this 
uncertainty. 

Heering observed similar os
cillations but, in contrast to 
what Coulomb reports, twisting 
the wire alone was not sufficient 
to ensure results that confirm 
the inverse square law. Heering 
believes the oscillations were 
caused not by stray air currents 
but by a static electric charge on 
the experimenter. No matter 
what he did, Heering says, he 
was unable to obtain the ex
pected results while he was 
charged: He inevitably trans
mitted the charge to the appara
tus, leading to a wide variety of 
results. The only way he could 
eliminate the effects of this 
charge was to isolate electrically 
the entire apparatus from its sur
roundings by enclosing it in a 
conducting box or "Faraday 

cage," a technique not known until decades 
after Coulomb's experiments. Then and only 
then did Heering obtain the expected results. 

It might seem surprising to a modern sci
entist that none of Coulomb's contemporar
ies in France questioned his results, espe
cially since Coulomb's treatise contained 
only three pieces o{ data to support his hy
pothesis. But it was common practice at the 
French Academy of the time to provide only 
a few data points as proof, and statistical 
analysis was introduced only in the 1840s. 
Riess adds that Coulomb's results fit in per
fectly with what the French scientific com
munity expected, so few people were in
clined to try to disprove them. Moreover, 
even if someone had wanted to try to repeat 

500 SCIENCE • VOL. 262 • 22 OCTOBER 1993 



his experiments, few had the necessary ex- 
pertise in making torsion balances. 

Not every historian believes that Heering 
has proven Coulomb to have been guilty of 
data manipulation. Maria Trumpler, a Yale 
historian of science who has worked exten- 
sively on the history of electrical experimen- 
tation, says there is a fundamental problem 
with any historical reconstruction: "The 
onlv test to see if vou have in fact recon- 
s tG ted  what [the oiiginal researchers] have 
done is if you get the data they get." There is 
no way to know if Heering was really true to 
the conditions under which Coulomb car- 
ried out his exneriment. she savs. "Did he 
dress in the same clothes? Did he wear the 
same kind of powdered wig?" Riess says he 
and Heering took these factors into account, 
even though he admits that it was not pos- 
sible to reproduce the original conditions 
exactlv. "We have thought of what Coulomb 
could have done to avYoid a charge on his 
bodv," savs Riess. "He could have been Der- 
fectly grdunded but that would have deen 
very complicated. Or he could have been 

naked. But he didn't report taking any of 
these precautions." 

MIT historian of science Jed Buchwald 
also has doubts. There are other methods 
that Coulomb might have used to counteract 
the effects of a charged observer. he savs. 

u , , 

without mentioning them in the treatise. For 
exam~le. Coulomb mav have moved awav 

L ,  

from the apparatus after imparting the initial 
charge and read the angle of deflection using a 
telescope, a well known technique at the time. 

Buchwald, a highly respected historian 
who is familiar with Riess' and Heering's 
work, says he regards them as reliable re- 
searchers. "If they say they saw this effect [of 
the oscillations], then they saw it." Buchwald 
is certain of his final decision. however: "I 
do not believe for one second that Coulomb 
had 20 pages of numbers and that he kept 
calculating through until he found three that 
worked." Coulomb was too good a scientist 

u 

for that, he says. 
Riess and Heering agree that Coulomb 

was a great scientist. They are quick to point 
out that at the time, other electricity re- 

searchers would measure the strength of an 
electric charge by giving themselves a shock 
with it and seeing how far they could feel it 
go up their arms. In comparison, Coulomb's 
work is refreshingly quantitative. At least in 
principle, it was possible to use the torsion 
balance to make reproducible measurements. 

Trumpler adds that even if Riess' and 
Heering's claim is correct, Coulomb should 
be applauded for coming up with the right 
result: "If we assume that in this case the data 
were not sufficient to determine the theory, 
then we have to acknowledge that Coulomb 
had tremendous insight." Furthermore, says 
Trumpler, the eagerness of many modem sci- 
entists to obtain "zillions" of reliable data 
points may have lessened the emphasis on 
scientific intuition. "The ability to have a 
profound insight about the nature of how 
things work based on just a few data points," 
says Trumpler, "is becoming a lost art." 

-Steven Dickman 

Steven Dickman is a free-lance writer based in 
Cambridge, Massachusetts. 

ENVIRONMENT 

The Ozone Hole Reaches a New Low 
M o s t  scientists thought the ozone hole plete: a 1- to 2-kilometer-thick layer cen- 
couldn't get much deeper. But the annual tered at an altitude of 17 kilometers. Instead, 
thinning of the ozone layer over Antarctica balloon-borne instruments showed total 
has broken another record. Balloon and sat- devletion from 14 to 19 kilometers. All told. 
ellite measurements during this year's South- just 90 Dobson units (DU) of ozone were left 
em Hemisphere spring reveal 15% less ozone in the Antarctic stratosphere this spring, 
over Antarctica than during last year's thin- compared to 105 DU last year, which in tum 
ning, leaving the protective ozone shield at was 5 to 10 DU below preceding years. (At 
less than one-third its normal thickness. other seasons, Antarctic ozone levels are 

Announced last week, the additional about 280 to 300 DU.) 

its destruction bv chlorine from 

losses are a surprise because in recent years Something similar, but not as dramatic, 
the depletion of ozone has been 

manmade chlorofluorocarbons 
(CFCs). Onlv if favorable condi- 

almost complete at the altitudes 
where conditions normallv favor 

tions, including extreme cold and 
the presence of the fine particles 
that trigger the ozone depleting 
reactions, had suread to other al- 

37n 

titudes could more ozone disap- 
pear. And that's just what scien- 
tists think may have happened, 
thanks to lingering debris from 
the 1991 eruption of Mount 
Pinatubo and perhaps unusual 
cold at high altitudes. 

u 

The erosion of Antarctic 
ozone appeared on schedule, says 
David Hofmann of the National 

happened last year, when heavy ozone deple- 
tion was seen for the first time at altitudes 
below 14 kilometers, savs Hofmann. Since 
the high-altitude ice clouds that activate 
ozone-destroying chlorine are centered at 
an altitude of around 17 kilometers, re- 
searchers concluded that something else 
had to be taking their place at lower alti- 
tudes. The best candidate seemed to be the 
haze of sulfuric acid ~articles lofted bv 
Pinatubo's eruption. And that same, linger- 
ing haze is probably to blame for this year's 
low-altitude losses, Hofmann says. 

Volcanic haze doesn't explain 

1 5 the enhanced losses seen be- 
= tween 18 and 23 kilometers, 

however; there is no significant 
Pinatubo debris above 18 kilo- 
meters over Antarctica. Hof- 
mann wants to look at more data, 
but he suspects that colder-than- 
normal temperatures at high alti- 
tudes might have encouraged the 
formation of more ice cloud par- 
ticles, laying the groundwork for 
more ozone loss. 

For the time being, research- 
ers are assuming that this year's 
record losses don't mean that 
they have to rethink their under- 
standing of Antarctic ozone 
depletion. Next year's hole 
should tell: Providing strato- 
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Oceanic and Atmospheric Ad- 
ministration in Boulder, but by 
early October it had extended Empty sky. On 6 October the TOMS instrument aboard the Russian me- has settled out, the hole should 
well beyond the region where teorological satellite Meteor-3 found unprecedented ozone losses (white) be back to "normal." 
ozone loss had tended to be com- within the ozone hole (blue, magenta, and white). -Richard A. Kerr 

90 spheric temperatures are normal 
and most of the Pinatubo debris 


