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MILLIKAN OIL DROP APPARATUS

Oil droplets j Charged plate (+)

...

Atomizer ié \:‘/— Small hole
X-ray from
" the Source

Microscope Oil droplet under
observation

Charged plate (-)
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A scatter plot of electron charge measurements as suggested by Feynman, using papers published from 1913-1951
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import random

import statistics

import matplotlib.pyplot as plt
rt numpy as np

estimate pi(num samples}):

inside_circle = @

for _ in range(nu iy )
x = random.uniform(-1, 1)
y = random.uniform(-1, 1)
if x**2 + y**2 <= 1:

inside circle += 1
return 4 * inside circle /

run_ensemble(num samples | run,
global mean_pi
global std pi
estimates = []

for _ 1n range{num_runs):
pi_estimate = estimate_pi(nun

estimates.append(pi estimate)

mean pi = statistics.mean(estimates)
std pi = statistics.stdev(estimates)

return estimates

result = np.array(run_ensemble(1000, 16000))
x=np.linspace(2.5,4,500)
y=np.exp(-(x-mean_pi)**2/std pi**2)/(std_pi*np.sqrt(2*np.pi))
plt.hist(result, bins=1e0@, g ="black"’,
plt.plot(x,y)

plt.show()

y=True)
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We have learned a lot from experience about how to handle some of the ways we fool ourselves. One example: Millikan

measured the charge on an electron by an experiment with falling oil drops, and got an answer which we now know not

to be quite right. It's a little bit off because he had the incorrect value for the viscosity of air. It's interesting to look at

the history of measurements of the charge of an electron, after Millikan. If you plot them as a function of time, you find

that one is a little bit bigger than Millikan's, and the next one's a little bit bigger than that, and the next one's a little bit
bigger than that, until finally they settle down to a number which is higher.

Why didn't they discover the new number was higher right away? It's a thing that scientists are ashamed of—this history
—because it's apparent that people did things like this: When they got a number that was too high above Millikan's, they
thought something must be wrong—and they would look for and find a reason why something might be wrong. When
they got a number close to Millikan's value they didn't look so hard. And so they eliminated the numbers that were too

far off, and did other things like that ...
(ZA : OFRUTEN SE = ZSHA|H])







A selected history of expectation bias in physics

Monwhea Jeng

The

survey &

It is a capital mistake to theorise before one has
data. Insensibly one begins to twist facts to suit

theories, instead of theories to suit facts.

Sherlock Holmes?!

1al facts? Scientific
pontifically that one

But are we sure of our o

observational facts
o . Fortunately those who
advice do not practice what they preach.
Observation and theory get on best when they
are mixed toy help one another in
the pursuit of truth. It is a good rule to not put
overmuch confidence in a theory until it has been
confirmed nl.r_'l.' ohservation. [ hrrpi." I shall not shock
ital physicists too much if I add that it

1 rule not to put oevermuch confide

Sir Arthur S. Eddington®

INTROI TION

Under an idealized view of science. t
hould have no ¢

Theoretical bel
and how they are interpr

b f experimente

and recieved, but the actual results are facts determined
purely by nature. But in practice, one can worry that

https://arxiv.org/pdf/physics/0508199
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“hard” scienc sics? on one
from the h v in physics textbooks is that it plays

, but this may be misleading. Because
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can seem like pointless and potentially diver-
sions; the empl i g

wh physics,
arrived at

s 15 on how car

( to fix an “ultravio-

discovered by | < that mer

value for the sped 1d that

stein was not primarily motivated by the Michelson-
Morley experiment in his invention of special relativity?.
Tl and other examples, are discussed in the reviews
{© ic bias

Here, we con

II. OBSERVATIONS

When human perception is at its limits, even ba-
i , and may be «d to-
Van Helden

the hist ; M ations

ions are unrelia
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Measurements of the speed of light, as a function of the year of the experiment.
Note that the vertical scale is changed at 1900, to make the errors bars visible.
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He told me, very tenderly, that it can be dangerous to believe things just
because you want them to be true. You can get tricked if you don't
question yourself and others, especially people in a position of authority.
He told me that anything that's truly real can stand up to scrutiny.
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