
Shapin’s Pump And Circumstance – Notes 
 

1660: Restoration of Charles II as King of England.  Cromwellian era is over. 
1679: Act of Habeas Corpus passed. 
1688: William III of Orange brought in and he sets up the constitutional monarchy in 1689.  

William also is a staunch Protestant.  This fact is appriciated by the Newtons and Boyles of the 
land. 

The mathematical expression for Boyle's law is 

PV=K  (assuming constant temp.) 

P is the pressure of the gas 

V is volume of the gas 

k is a constant, and has units of force times distance. 
 

p. 481 
The popularization of science.  Shapin will argue that popularization is part of the argument for the 

validity of the science being popularlized.  [The democratic nature of truth. Wikitruth] 
 
p. 482  
How does knowledge differ from belief or from opinion? 
Shapin “Boyle was… an important actor in the probabilist and fallibilist movement.”  [Fallible = 

make mistakes.  From the trial and error school?] 
p. 483 
Pre-1660, knowledge was to be proved via geometry and demonstrative.  English experimentalists 

worked from another play book.  Universal assent not expected or proper.  Nature was like a 
clock… the effects were certain, but the mechanics were various. 

p. 484 
Experimental performance to as many as possible made facts better.  The report of the experiment 

is as important if not more important than the experiment itself. 
p. 486  
Air pump or ‘pneumatic engine’ mostly constructed for Boyle by Hooke in 1659.   
Description of the pump and what Boyle used it for.  Spring of the Air.  The weight of the air or air 

pressure.  The pump was terribly hard to operate and really expensive to build.  Only a few 
existed in the 1660s.   

p. 487 
The problem was that few could actually witness the experiments done on the air pump.  So Boyle 

had to write up the experiments. Eye-witness accounts were necessary for validation.  A 
problelm with alchemical experiments was that few ever saw them. One couldn’t trust an 
alchemical account just on the alchemist’s word.  Boyle’s problem… how to police the 
witnesses.   

p. 488 
The more witnesses the better. 
Experiments had to be done in a “laboratory,” not in a closet like most alchemy.   



Early air pump experiments done in the RS lab, a public room [of sorts].  Hooke helped codify 
experimental procedures and standards for note taking and how to write up the lab books.  
Books with signatures of witnesses.  Hierarchy of witnesses: Oxford prof. > peasant.  Sort of 
truth by legal proceding. 

p. 490 
Replication was an important consideration, but air pump experiments were nearly impossible to 

replicate due to cost and the fickle nature of the machines.   
p. 491 
Actual witnesses were desirable, but “virtual witnesses” could reach a wider audience.  [Note 

Hooke’s Micrographia… virtual witnessing of the highest standards.] 
Pictures were a big plus.   
 



 
 
p. 492 
This is a particular pump, not just an idea of a pump, says Shapin. 
Mouse dead in the “receiver” in one of Boyle’s images. 
p. 493 
Boyle wanted his procedings to make it like being there. 
In the 1650s he organized how things were to be written down.  The style of scientific prose.  

Prolixity (verbosity) was part of the program.  Lots of appositive clauses piled one on top of 
another… to convey circumstantial detail.  [This is all rhetorical stuff.]   

p. 494  



Failed experiments were described too.  This not only heartened the amateur trying to replicate the 
experiment, but it also added a touch of realism.  He noted the leaks and other problems that 
the air pump presented. Failures showed modesty and impartiality.  [Rhetorical]   

[How does this compare to video documentation or photo documentation?] 
 
p. 495 
Experimentalists were modest because they had no grand scheme, just the facts ma’am.  The grand 

universalists were the egoists.  [Of course this is a bit of a sham.] 
Boyle wrote in an unadorned, plain style.  Utilitarian.  He advised his nephew to use such phrases 

as “perhaps, it seems, it is not improbable.”   
[This is scholar speak even today.  If in doubt, show your doubt.  You can never be wrong if you 

start every sentence with “maybe” or “perhaps”.  Rhetorically this can make the reader 
comfortable, they lower their guard and then the writer can throw in circumstantial arguments.] 

p. 496 
Physical causes were only probable… thus being less than certain was being honest.   
Being aware of Baconian Idols… 
 

 
Bacon’s Novum Organum 
 
Idols of the Tribe are deceptive beliefs inherent in the mind of man, and therefore belonging to 

the whole of the human race. They are abstractions in error arising from common tendencies to 
exaggeration, distortion, and disproportion. Thus men gazing at the stars perceive the order of 
the world, but are not content merely to contemplate or record that which is seen. They extend 
their opinions, investing the starry heavens with innumerable imaginary qualities. In a short 
time these imaginings gain dignity and are mingled with the facts until the compounds become 
inseparable. This may explain Bacon's epitaph which is said to be a summary of his whole 
method. It reads, "Let all compounds be dissolved." 

  
Idols of the Cave are those which arise within the mind of the individual. This mind is 

symbolically a cavern. The thoughts of the individual roam about in this dark cave and are 
variously modified by temperament, education, habit, environment, and accident. Thus an 
individual who dedicates his mind to some particular branch of learning becomes possessed by 
his own peculiar interest, and interprets all other learning according to the colors of his own 
devotion. The chemist sees chemistry in all things, and the courtier ever present at the rituals of 
the court unduly emphasizes the significance of kings and princes. 

(The title page of Bacon's New Atlantis (London 1626) is ornamented with a curious design or 
printer's device. The winged figure of Father Time is shown lifting a female figure from a dark 
cave. This represents truth resurrected from the cavern of the intellect.) 

  
Idols of the Marketplace are errors arising from the false significance bestowed upon words, and 

in this classification Bacon anticipated the modern science of semantics. According to him it is 
the popular belief that men form their thoughts into words in order to communicate their 
opinions to others, but often words arise as substitutes for thoughts and men think they have 
won an argument because they have out talked their opponents. The constant impact of words 
variously used without attention to their true meaning only in turn condition the understanding 



and breed fallacies. Words often betray their own purpose, obscuring the very thoughts they 
are designed to express. 

  
Idols of the Theater are those which are due to sophistry and false learning. These idols are built 

up in the field of theology, philosophy, and science, and because they are defended by learned 
groups are accepted without question by the masses. When false philosophies have been 
cultivated and have attained a wide sphere of dominion in the world of the intellect they are no 
longer questioned. False superstructures are raised on false foundations, and in the end systems 
barren of merit parade their grandeur on the stage of the world. 

  
A careful reading of the Novum Organum will show. Bacon used the theater with its curtain and its 

properties as a symbol of the world stage. It might even be profitable to examine the 
Shakespearean plays with this viewpoint in mind. 

 
 
p. 497 
Boyle claimed to be innocent of the great systems of the 17th c…. the Cartesian and Atomical 

systems.  He avoided Gassendi, Descartes, and even Bacon “that I might not be prepossessed 
with any theory or principles…”  [yeah, right.] 

p. 498 
The idea of weighing the air was considered silly.   
How to maximize the experimental club… 
p. 500 
vacuism vs. plenism 
In Boyle’s language a vacuum was almost a vacuum.  If anything was left, it made no physical 

impact on experiment… and thus it was not a topic for discussion… it would be metaphysical.   
p. 501 
Boyle didn’t want to find the cause of the spring of the air (metaphysical) but he wanted to study 

the effects of the spring.  [Why vs. How]  Just the facts ma’am. 
He treated the spring of the air as a fact.   
p. 502 
In early 1660s three critics to New Experiments were at hand: Linus, Hobbes, and Henry More. 
Boyle insisted on civil discourse… no ad hominem attacks. 
p. 503 
Treating people like enemies, he reasoned, would make them less likely to convert, so treat them 

like potential converts. [always the politician.] 
He generally advised to ignore the sects in natural philosophy and let the experiments lead the 

discussion.  The Sceptical Chymist shows a civil dialogue. 
Boyle treats Linus as if he denies the ‘spring of the air’ [but it seems that he didn’t really deny it, 

he just didn’t make it as significant of a player.]   
p. 506 
Linus was reasonable, Hobbes would never be convinced.   
Hobbes was generally polite, but when attacked (by Wallis) he struck back… with a fart joke on p. 

506. 
Boyle didn’t want this sort of argument. 
 



p. 507 Conclusions.  Three techs for fact: material, literary, and social 
 
Machines are neutral… without bias.  Unexpected data from a machine could be due to 

malfunction, not malice.   
Dogma was tyranical in philosophy.  Secrets were also bad, no witnesses.   
This mode of “expounding scientific knowledge and securing assent” is a historical [or social] 

construction.   
“The illusion [that] Boyle helped to produce makes the illusion that scientists’ speech about natural 

reality is simply a reflection of that reality.” 
Scientific knowledge is man-made, but it is presented as not man-made… says Shapin.   
The special language of modern science separates the speakers from the listeners and 

popularization is an exception, not a rule.   
p. 511 
Boyle’s way attempted to draw in as many as possible. Popularization was encouraged.  He 

encouraged the use of a public, popular language.  He saw science as a communal endeavour.    
 
 
 



 



 
...the Bird for a while appear'd lively enough; but upon a greater Exsuction of the Air, she began 

manifestly to droop and appear sick, and very soon after was taken with as violent and 
irregular Convulsions, as are wont to be observ'd in Poultry, when their heads are wrung off: 
For the Bird threw her self over and over two or three times, and dyed with her Breast upward, 
her Head downwards, and her Neck awry. 

—Robert Boyle, New Experiments, 1660 
 
 

 



Shapin And Schaffer Notes for Sci Rev. 
 
Torricelli’s experiment of 1644.  What was above 29”?  Was 
this a vacuum?  If nature abhors it, what is going on?  [If 
water, the height is 33.9’.] 
 
-Aristotle: Had to be very, very thin air.   
-Descartes: must be filled with some subtle matter 
-Torricelli and Pascal: It’s a vacuum.  It’s empty, nihil, nada, 
empty. 
 
1648: The famous Puy-de-Dôme experiment of Blaise Pascal 
(1623-62)…. actually done by Pascal’s brother-in-law, Perier.  
He ran up and down the mountain (ca. 3000 ft.) with a 
mercury column like the one to the left and noticed a variation 
of about 1/12 of an inch.  The mercury dropped as he climbed 
up. 
 

 
Sidestory from Wiki on Pascal: 
When Pascal was back in Paris just after overseeing the 
publication of the last Letter, his religion was reinforced by 
the close association to an apparent miracle in the chapel of 
the Port-Royal nunnery. His 10-year-old niece, Marguerite 
Périer, was suffering from a painful fistula lacrymalis that 
exuded noisome pus through her eyes and nose—an affliction 
the doctors pronounced hopeless. Then, on March 24, 1657, a 

believer presented to Port-Royal what he and others claimed to be a thorn from the crown that 
had tortured Christ. The nuns, in solemn ceremony and singing psalms, placed the thorn on 
their altar. Each in turn kissed the relic, and one of them, seeing Marguerite among the 
worshipers, took the thorn and with it touched the girl's sore. That evening, we are told, 
Marguerite expressed surprise that her eye no longer pained her; her mother was astonished to 
find no sign of the fistula; a physician, summoned, reported that the discharge and swelling had 
disappeared. He, not the nuns, spread word of what he termed a miraculous cure. Seven other 
physicians who had had previous knowledge of Marguerite's fistula signed a statement that in 
their judgment a miracle had taken place. The diocesan officials investigated, came to the same 
conclusion, and authorized a Te Deum Mass in Port-Royal. Crowds of believers came to see 
and kiss the thorn; all of Catholic Paris acclaimed a miracle. Later, both Jansenists and 
Catholics used this well-documented miracle to their defense. In 1728, Pope Benedict XIII 
referred to the case as proving that the age of miracles had not passed. 

 
Pascal made himself an armorial emblem of an eye surrounded by a crown of thorns, with the 

inscription Scio cui credidi—"I know whom I have believed."  His beliefs renewed, he set his 
mind to write his final, unfinished testament, the Pensées… see Pascal’s wager. 

 
 



Is all of this reasonable? 
 

 
Due to the 1/12 inch decrease in the Hg in Pascal’s experiment this would suggest to me that the 

removal of 3000 ft. of the air was balanced by 1/2” of mercury.  A 1/2” of mercury must be 
equivalent to 3000’ of air.  [Keep in mind I am not accounting for gravity and density 
variations or even air pressure physics.  I’m just looking at this in a naïve way.] 

A 1/2” drop in the level of the mercury is about a 1.72% decrease.  This suggests that by going up 
3000’ you eliminated the effects of 1.72% of the air.   

 
Density of Hg =  13.534 g/cm3  
Density of Water = 1 g/cm3    -the calibration fluid 
(actually 0.998 g/cm3 at 20º C.) 
Density of Air (sea level) = 1.225 kg/m3 = 0.001 
g/cm3  
 
This would make Hg 13,534 times heavier than air 
as measured at sea level.   So a column of Hg, 29” 
high is balanced by a column of air that is about 
392,486” = 32,707’ = 6.19 miles = ca. 10km tall.  
Now, of course we are stupidly assuming that 



gravity was not dependent upon altitude and pressure not dependent upon temperature. So I’ll 
just figure that 10km is the minimum.    

 
Now, in the real world about 50% of the air mass is within 5.6 km of sea level.  [I looked it up.] 
The air density at 10km is about 29% that of air at sea level… about 1% at 30 km… about 0.01% 

at 50 km, and about 1 million times thinner at 100 km. 
Therefore I would estimate that about 99% of the air is within 30 km of sea level.  (I realize I’m 

really butchering the math, but the density is falling faster than the altitude is rising, so I feel 
reasonably o.k. with my guesses.)   

 

 
This is a very approximate plot of the densities.   

The y-axis (x=0) is a vacuum.   
 
 
 



 

 
 



p. 43 
Boyle’s experiment, “Void in a 
Void” 
 -3’ long x 1/4” tube filled with 
mercury.  One end closed, the 
other in a dish of mercury.   
 -careful not to have bubbles 
 -29” high column of mercury 
observed, as per usual, with a 
Torricellian space above. 
 -This thing put in the air pump 
with the top sticking out… but 
sealed all around. 
 -as the air pressure lowered so 
did the column of mercury. 
 -It didn’t ever fall the whole way 
down… always about an inch. 
 -After the experiment, the 
column didn’t attain the full 29” 
 -Higher pressures raised the 
column above 29” 
 
Boyle readily admitted that there 
were some leak issues, and that 
these explained the 1” issue. 

 
p. 48 
Cohering Marble discs: ca. 3 1/3 inches in diameter and about 1/4 to 1/2 inch thick. 
Smoothed as best as possible. 
They would only cohere for a few minutes… so Boyle applied alcohol to them and they cohered 

too well.  They never separated in the pump receiver.  He even hung weights from them to 
encourage them…. no effect.  [So, what does this mean?] 



 
 

p. 156 On Linus (Francis Line): Jesuit, Aristotelian, supported plenum, saw Boyle as a vacuist 
 
p. 157 Argued that there was no vacuum in Toricelllian space. 
 -you could see through it 
  -if a vacuum, the visual species couldn’t tranverse it. [like a black hole… sort of] 
 
 Linus listed 3 usual suspects: [all simply inventions in Boyle’s mind] 
  Hobbes: full of “common air” 
  Noël’s (Jesuit): aether fills the space via pores in glass 
  Zucchi’s (Jesuit): full of “mercurial spirit” 
  [not to mention Gassendi and Charlton… vacuum] 
 
Linus’s proposal: funiculus [means thin rope or string in Latin] 
Boyle (according to Linus) had the column of mercury being pushed up by the external air 

pressure… if this is the case, he asked, why did a finger on the top of a “straw” of mercury feel 
like it was being tugged into the straw?  

[even weirder, you could keep your finger on the straw and remove the straw from the dish of 
mercury…] 

 



 
 
p. 158 
funiculus: an alternative explanation to a vacuum and the spring of the air. 
 an internal thread running from the finger to the surface of the mercury 
 perhaps made of rarified mercury (or whatever substance is being tested.) 
 In rarified situations, the funiculus contracted, pulled, … and relaxed in unrarified situations. 

[Seems rather like begging the question… in low pressure it acted to repressurize and in stable 
pressure it relaxed…] 

 



p. 159 
Linus’s interpretation of the air pump 
 1. rarification of air did occur 
 2. this increased the funicular contraction 
 
Me: I imagine the equation would be something like this:  
 (pressure) x (funicular-contraction-force) = constant. 
       pf=C 
 
 Me: The difference is that Linus is explaining the Toricelli emptiness using the low pressure in the 

“bubble.”  The mercury is hanging from the invisible funicular threads in the “empty” space.  
Essentially at super low pressure the mercury rarifies into these threads…. [very early string 
theory of sorts… just no quivering or vibrating.]   Or are the threads made of air?  Not sure. 
Whereas Boyle is saying that the mercury is being supported by external air pressure and that 
depending on the weight (density) of the liquid, it can only support as much as the air can 
counterbalance.   

 
Linus on the “void in void” experiment of Boyle. 

 
Me: The air in the chamber at low pressure contracts (alla funicules) and this contraction pulls on 

everything it can… the mercury in the dish and by association, the tube.   
 
[So the plenum is variable. 6 of 1 and half dozen of the other?] 
[How to make a plenum theory fit the concept of pressure.] 
 
Linus on the Marble disc cohesion experiment. 

 
Linus thought the fact that the discs stayed stuck together was evidence for the plenum and that the 

funiculi of marble were extremely difficult to tease out… that is one reason why marble is so 
hard compared with a liquid like mercury.  In effect, the two marble discs are bonded together 
as one.   

 



 
p. 160 
Linus didn’t deny weight or springyiess to air… he just didn’t think that these ideas were as 

powerful as Boyle thought them to be. 
p. 161 
Linus, also an experimenter, admired the air pump and the work of Boyle, he just didn’t like the 

theory that Boyle was hocking. 
Linus tried the famous Pascal, Puy-de-Dome experiment with a barometer and didn’t get any 

change.. although he admits to climbing a smaller mountain.  He thinks temperature might be 
involved. 

Boyle responds that this experiment has been done by numerous people and witnessed by many.  
Boyle doesn’t deal with the temperature issue at all. 

 
 


