
HOOKE RESTORED



ROBERT HOOKE 
(1635-1702/3)

Founder of Modern Science



OR

HOOKE, NEWTON, AND 
THE SCIENTIFIC 

REVOLUTION



• (No Hooke biographer has been 
able to ignore Newton, but then no 
Newton biographer has been able 
to ignore Hooke.)



The only known portrait of 
Robert Hooke



The only known portrait of 
Robert Hooke

• Newton is assumed to have had a role in the 
disappearance of the RS’s portrait of 
Hooke, known to have existed in 1710.  
Newton assumed the presidency of the RS 
eight months after Hooke’s death



A pendulum-driven equatorial 
quadrant with self-portrait?





Isaac Newton (1642-1727)



• Hooke went up to Oxford in 1653, 
met members of the Oxford 
experimental science society 
(Ward, Willis, Wilkins, Wren,…), 
and became experimental assistant 
to Robert Boyle (Earl of Cork).



Robert Boyle (1627-1691)



• During Hooke’s apprenticeship 
with Boyle, he designed and built 
Boyle’s air pump, which he and 
Hooke used to establish what is 
often called “Boyle’s Law.”



The Hooke-Boyle air pump



• Hooke’s name should certainly be 
associated with it, since he probably 
carried out the experiments as well, but 
true credit belongs to  Henry Power 
and Richard Towneley.



• During this period, Hooke also wrote 
his first paper, on capillarity, invented 
the “anchor escapement” for pendulum 
clocks and invented the spring-
regulated watch. 





• Much of the motivation for 
Hooke’s studies in horology was 
the problem of determining 
longitude at sea or in distant lands.

• Not solved until Harrison in about 
1750.



• Hooke left Boyle’s laboratory 
(“with the thanks of the Society”)



Hooke and the Royal Society
• The Royal Society of 

London was founded 
in 1660 just after the 
Restoration of the 
monarchy (Charles II)

• After the 
apprenticeship with 
Boyle, Hooke became 
the Curator of 
experiments for the 
Society in 1662.  
Hooke served for 40 
years and was the first 
salaried scientist.  



Origins

• After a Wren lecture on November 28, 
1660, 12 “virtuosi” gathered and

• "something was offered about a design of 
founding a college for the promoting of
physico-mathematical experimental 
learning."



“The Royal Society for the advancement of 
experimental knowledge”

• Thoroughly Baconian
• “one great Man, who had the true 

Imagination of the whole extent of the 
Enterprise, as it is now set on foot: and that 
is, the Lord Bacon…”  Thomas Sprat



“If any caution will serve, it must be this; 
to commit the Work to the care of such men, 

who, by the freedom of their education, the 
plenty of their estates, and the usual 
generosity of their Noble blood, may well 
be supposed to be most averse from such 
sordid distractions.”



• Hooke as employee of Royal Society,
hence, not one of those “gentlemen free and 
unconfined”)

• The membership (Fellows) came from the 
nobility, landed gentry, clergy, physicians



• Hooke charged with preparing three or four 
experiments for every meeting.

• This in large measure determined the course 
of his scientific career…being diverted from 
one issue to another at the whim of the 
Fellows



Brief Summary of Hooke’s 
Career

• 1662-1702 Curator RS
• 1665 Micrographia
• 1665-6 plague (see Newton)
• 1666 Great Fire (80% of City of London burned)
• 1671 Exchange with Newton over light and color
• 1674 “An Attempt to Prove the Motion of the 

Earth Through Observations” (stellar parallax)



• 1677-82 Secretary of RS
• 1678 De Potentia Restitutiva
• 1677-1702 Council member (most years)
• 1679-80 Exchange with Newton on 

gravitation
• 1684 Newton’s De Motu (Kepler’s Laws)
• 1687 Newton’s Principia (Mathematical 

Principles of Natural Philosophy)



• March 3, 1702/3 Hooke dies.  Leaves estate 
of over 9000 pounds 

• 1891 Discovery of Diary (now in Guildhall 
Library, City of London)

• 1935 publication of Diary; beginning of 
resurrection of Hooke’s reputation

• 1956 first biography (‘Espinasse’)



• 2003 Tercentennary of Hooke’s death; 
plaque in Westminster Abbey (2005)

• 2006 Hooke MS. sold for $1.5 million



Summary of Experiments, 
Discoveries, Inventions, and 

Theories
• Pneumatics, including subjecting himself 

to lowered pressure in evacuation 
“receiver”

• Anchor escapement
• Spring-controlled watch
• Circular or conical pendulum as analogy 

to planetary motion



Circular or Conical Pendulum



• Cycloidal pendulum
• Interference, including “Newton’s Rings” before 

Newton
• Diffraction, independent of Grimaldi
• First binary star
• Rotation of Mars
• Jupiter’s Great Red Spot
• Periodicity of comets





Pendulum with cycloidal 
cheeks—exact isochrony



• Universal joint
• “Nitrous component in air” responsible for 

respiration and combustion; experiments
• Discovery of the cell
• Wave-theory of light (w/Huygens, Fresnel)
• Fossils high above the sea, earthquakes and 

vulcanism (vs. Steno)



Universal Joint or “Hooke joint”



• Inverse-square gravitation/universal 
gravitation

• Planetary theory ; centripetal force (coined 
by Newton)

• Practical optics, design of grinding 
machines for non-spherical lenses/mirrors

• First Gregorian reflecting telescope
• Stellar aberration?



• Nature of heat—vibrations of tiny particles
• Magnetism
• Variation of gravity and barometric pressure 

with altitude; exps. at  Monument, St. 
Paul’s

• Diving bells, etc.
• Evolutionary theory (see Ellen Tan Drake)



Hooke’s law

• And, of course, “Hooke’s Law” of elasticity
• De Potentia Restitutiva, or “Of Spring” 

(1678)
• “The Power of any Spring is in the same 

proportion with the Tension thereof”



Hooke figure of a spring



• Applied to all “springy” bodies, that is, metal, 
wood, stone, etc., hence a general property of 
elastic bodies

• This is what Hooke is known for by most 
physicists

• The civil engineer J.E. Gordon has called Hooke’s
ideas on elasticity “one of the greatest intellectual 
achievements in history”



MICROGRAPHIA

• Recounts Hooke’s discoveries with the 
microscope; exquisite drawings of fleas, 
mites, feathers, etc. with his compound 
microscope.

• Hooke’s theory of light and color
• Natural philosophy, including (universal) 

gravitation
• Formation of lunar craters, the Pleiades.





Hooke’s Drawing of a Flea



Hooke drawing of the lunar crater
Hipparchus







• Influenced both Huygens and Newton.  We 
have Newton’s notes on it.  

• “it being very probable that the moon has a 
principle of gravitation…”

• “And to make this probable, I think, we 
need no better Argument, then the 
roundness….of the body of the moon it 
self”



• 1668 Hooke proposed to study the laws 
of motion (mostly collisions)

• Transformed into theoretical 
discussion among Huygens, Wren, and 
Wallis, with Hooke left on sideline to 
do experiments



• Hooke’s interest was 
• 1) springiness or rebound
• 2) whether “motion” is preserved
• 3) vis viva, I.e., mv2  (Leibniz)
• Hooke carried out an experiment to show 

that “the strength of a body moved is in 
duplicate proportion to its velocity”



Hooke device to measure “force” 
of a falling body



Transfusions

• Hooke was pressed into service by 
physicians in the Society in their 
experiments in transfusing blood from 
one dog to another, one animal to 
another, and even from an animal to a 
man.  It was proposed (not by Hooke) 
that they get a subject from Bedlam, 
the hospital for the insane…..



• These same issues occupied Hooke 
during the rest of his career: 
pneumatics, magnetism, earthquakes 
and fossils, sounding the ocean, diving 
bells, gravitation, parallax, etc.  



Who was Robert Hooke?

• Son of rural curate, Isle of Wight
• Westminster School, Dr. Busby
• Entered Oxford’s Christ Church College as 

a chorister and “servitor” 1653
• MA 1663
• Oxford Experimental Science Club/Wilkins, 

Wallis (see Newton), Wren, Boyle



• Curator, 1662
• Fellow, 1663
• Gresham Professor of Geometry, 1665
• City Surveyor, 1666
• Architect, 1670s, 80s



• Boyle his patron, and one of three mentors 
in his life.  Wren, friend and partner in 
rebuilding London and as architects. 

• Wren and Hooke met almost daily at one 
coffee-house or another or at job site



Christopher Wren (1632-1723)



• Many of the “Wren churches” were 
designed and built by Hooke (as many as 
20),  sometimes with Wren, sometimes 
entirely Hooke

• Hooke helped with the design of St. Paul’s 
which Wren worked on for nearly 50 years.  
Often they conferred on issues of the 
strength and shape of arches, etc.



• Hooke helped Wren design Greenwich 
Observatory

• Designed (with Wren) the Monument, 
marking the start of the fire

• Large civic buildings: Bedlam Hospital, 
College of Physicians, etc.

• Existing: Willen Church, Ragley Hall



Mary Magdalen, Willen



St. Lawrence Jewry, the City



Ragley Hall



Bethlehem (“Bedlam”) Hospital



College of Physicians



The Monument
A Zenith Tube



• Hooke was in constant contact with 
instrument makers, tradesmen, carpenters, 
stonemasons, at all stations in life, often at 
the coffee-houses he visited daily, 
sometimes several times daily.

• Heavily involved in surveying and with 
codes and practices



Also regularly met Wren, Halley, 
sometimes other fellows there as well.  
Especially Garraway’s, Jonathans, etc.  
(Coffee houses introduced to London in 
1652)



Map of Cornhill/Bishopsgate



Cornhill area of London today



Hooke’s Diary

• First diary, discovered 1891, covers 
about a decade, 1672-83, entry for 
virtually every day.  One of the 
essential documents of late 17-century 
England

• Second, 1688-93 (but only 24 months 
of entries)



• Almost everything we know of Hooke 
comes from his diaries, especially the 
first one.

• Very sketchy, laconic; unlike those of 
Pepys and Evelyn



• Friends included Wren, Boyle, Halley 
(essentially his protégé’), Samuel 
Pepys, Seth Ward (Bishop of 
Salisbury), John Wilkins (Warden of 
Wadham College when Hooke went 
there), Bishop Tillotson (Archbishop 
of Canterbury)



• Enemies, or those with whom he 
tangled:

Huygens, Leibniz, Hevelius, Flamsteed, 
Newton, Brouncker (Pres. RS for 15 
years), Oldenburg (Sec’y of RS for 15 
years)



Christian Huygens



Evaluation of Hooke

• “The most ingenious man who ever 
lived” –Andrade (1935)

• “The most, and promises least of any 
man in the world that I ever saw” 
Samuel Pepys, Diary



• Huygens to Oldenburg, 1675
• “I do not know how you put up with 

the ill-founded boastings of this 
man….”

• (Wren had no regard for Oldenburg, 
either)



Hooke and Newton, I

• Light and Color—presentation of Newton’s 
theory of color to the Society in 1671-2

• Hooke’s theory that color resulted from the 
modification of white light by refraction

• Vs.
• Newton’s theory that white light is 

superposition of all colors



• The also disagreed over the nature of light. 
Newton’s corpuscular vs. Hooke’s wave 
theory of light 



• Hooke’s comments on Newton’s study of 
light and color”

• “…as to his hypothesis….”
• “…for the same phenomena will be solved 

by my hypothesis, as well as by his…”



• Newton’s reply, six month’s later 
(described by Sam Westfall as “viciously 
insulting…filled with hatred and rage…”)

• Dispute apparently exacerbated by 
Oldenburg



Hooke and Newton, II

• Hooke-Newton correspondence, 1679-
80

• Background:
• Hooke, in Micrographia, 1665:
• “it being very probable that the moon has a 

principle of gravitation…”
• (0:25)



• Hooke, May 23, 1666, to the RS:
• “…the second cause of inflecting a direct 

motion into a curve may be from an 
attractive property of the body placed in the 
center…”



• “An Attempt to Prove the Motion of the 
Earth Through Observations,” 1674:

• “…all coelestial Bodies whatsoever, have 
an attraction or gravitating power towards 
their own Centers,whereby they attract not 
only their own parts…but that they do also 
attract all the other Coelestial Bodies…”



• This is the first statement of the 
universality of gravitation, despite 
Newton’s statements to Conduitt and
DeMoivre many decades later.







• The evidence is that Newton held an aether-
flow theory of gravity that depended on 
Cartesian vortices.  It is clear that he 
thought in terms of centrifugal force and 
some counter-ballancing attraction.  



• No evidence that he understood the  
inverse-square character of gravity until 
after the correspondence with Hooke in 
1679-80.



• Hooke to Newton, 24 November 1679
• “For my part I shall take it as a great favour 

if you shall please to communicate by Letter 
your objections against any hypothesis or 
opinion of mine, And particularly if you 
will let me know your thoughts of….



• ….that of compounding celestiall motions 
of the planets of a direct motion by the 
tangent & an attractive motion towards the 
centrall body.”



• Newton to Hooke, 29 November 1679
• After pleading preoccupation with “country 

affairs,” he told Hooke that he
• “had for some years past been endeavouring 

to bend myself from Philosophy to other 
studies….”



• The “other studies” were in alchemy and theology.  
Newton went on to say:

• “..you will incline ye [the] more to believe me 
when I tell yt [that] I did not before ye receipt of 
your last letter, so much as heare (yt I remember) 
of your Hypothesis of compounding ye celestial 
motions of ye Planets, of a direction motion by the 
tangt to ye curve…”



• “And having thus shook hands with 
philosophy & and being also at present 
taken of other business, I hope it will not be 
interpreted out of any unkindness to you or 
ye R. Society that I am backward in 
engaging myself in these matters…”



• And…
• “If I were not so unhappy as to be 

unacquainted with your Hypothesis above-
mentioned (as I am with almost all things 
which have late been done or attempted in 
Philosophy) I should so far comply with 
your desire as to send you…



• what Objections I could think of against 
them if I could think of any…”

• Despite this, Newton offered Hooke a way 
of demonstrating the motion of the Earth, by 
dropping a body from a large height, and 
noting (“contrary to ye opinion of ye 
vulgar”) that it would fall to the east, 
“describing in its fall a spiral line…”



Newton’s drawing



• Hooke to Newton, 9 December 1679
• Hooke agreed that the body would fall to 

the east but “…nothing att all akin to a 
spirall but rather a kind [of] Elleptueid.”

• If the body could move freely through the 
Earth, the path would be an ellipse, or if 
there were resistance, a decaying elllipse.





• Furthermore, Hooke said, the body, at 
London, would fall to the southeast.

• The reason is due to the non-inertial 
centrifugal and Coriolis forces.  The 
centrifugal force has a southerly 
(meridianal) component which displaces the 
body to the south. 



• The Coriolis force acts on this, producing a 
westward-directed force, but the Coriolis 
force acting on the center-direction motion 
of the falling body is to the east and much 
greater, hence the eastward component of 
the displacement.



• Newton to Hooke, 13 December 1679
• Newton agreed that the object would fall 

not to the east, but southeast, and then 
argued that “if…gravity be supposed 
uniform” it would “circulate with an 
alternate ascent & descent made by it’s vis 
centrifuga & gravity alternately 
overballancing one another”



Newton’s figure



• It may be that Newton actually computed 
this path, which itself is remarkable.

• Amazingly [to me, at any rate], in his reply 
Hooke said that this path it what one would 
get by having a ball rolling on the interior of 
a conical surface, demonstrating remarkable 
understanding of dynamics.



• Hooke to Newton, January 6, 1679/80

• Amazingly [to me, at any rate], in his reply
Hooke said that this path it what one would 
get by having a ball rolling on the interior of 
a conical surface, demonstrating remarkable 
understanding of dynamics.



• But the most important part of the reply is 
as follows:

• Assuming that the attraction is always “in a 
duplicate proportion to the Distance from 
the Center Reciprocall,” [inverse-square] 
“that the velocity will be in a subduplicate
proportion to the Attraction and 
Consequently….Reciprocall to the Distance



• Hooke was wrong about this, but he went 
on to say he did not believe that the inverse-
square nature of gravity persisted to the 
center, but that “the more the body 
approaches the Center, the lesse will it be 
Urged by the attraction.”



• This remarkable claim is something Newton 
first proved in the Principia.  We prove in 
undergraduate mechanics [a result which is 
identical to the electric field in the interior 
of a uniformly charged sphere, obtained by 
Gauss’s Law], that

• g=-4πGρr



• That effectively ended the correspondence.  
Newton was virtually silent for four years.  
He did correspond with Royal Astronomer
Flamsteed on comets, particularly the great 
one of 1680-81.



• In a lecture on comets,  stimulated by 
the comets of 1680-81 and 1682 
(“Halley’s comet”), Hooke said:



• “..I shall…shew…that the power of Gravity 
does decrease at farther and farther Distance 
from the Center of the Earth, and 
consequently that the Line of a projected 
body is not truly Parabolical [i.e., Galileo], 
but Elliptical, though it should be made in 
vacuo…”



• Here Hooke is claiming that an inverse-
square force (see the letter to Newton) will 
result in an elliptical orbit, something 
Newton was the supposedly the first to 
claim in 1684 (see below)!



• According to Halley, he, Hooke, and Wren 
were talking about the problem over coffee 
in January 1684 [83/84]:

• “..falling in discourse about it, Mr Hook 
affirmed that upon that principle all the 
Laws of the celestiall motions were to be 
demonstrated, and that he himself had done 
it..”



• “I declared the ill success of my attempts; 
and Sr Christopher to encourage the Inquiry 
sd,that he would give Mr Hook or me 2 
months time to bring him a convincing 
demonstration therof….Mr Hook then sd 
that he had it, but that he would conceale it 
for some time that others triing and failing, 
might know how to value it…”



• Nothing coming of this, Halley went to 
Cambridge to pose the problem to Newton 
in August.  Newton responded to Halley’s 
question about the orbit that would result 
from an inverse-square force that it would 
be an ellipse, that he had a proof, but could 
not find it. 



• Whether he had a proof or was making an 
educated guess, as Hooke probably did two 
years earlier, soon  he had worked it out, 
and De Motu was brought to Halley in 
November.  De Motu is sometimes 
considered a first draft of the Principia, 
though it only concerns itself with Kepler’s 
Laws.





• The rest is history, as they say.   The 
Principia was brought into print by Halley 
in 1687.  Hooke claimed that Newton had 
plagiarized his ideas, Newton threatened to 
withhold Book III in response, and poor 
Halley had to try to sooth Hooke’s hurt and 
Newton’s anger, and had to personally bear 
the cost of publication.



Hooke’s Place

• There is little doubt that Hooke provided 
Newton with the dynamical to solving the 
problem of planetary motion, and also the 
motivation.  But is this all Hooke did?



• We know that Hooke claimed since about 
1677 that he could solve, or had “perfected” 
the solution to the problem.  We can be 
fairly sure that Hooke did not have a clear 
idea of what a solution would be….no one 
did before Newton.



“On Circular Motion”

• There is, in the Trinity College, Cambridge 
library, a Hooke manuscript titled “On 
Circular Motion,” whose significance has 
only become apparent.  





• I learned about it in a paper by Patri 
Pugeliese, and after reading it, thought I had 
discovered a Hooke proof of elliptic 
motion; Pugeliese had discounted Hooke’s
efforts.

• Unfortunately, Michael Nauenburg, a 
retired high-energy theorist, had already 
found  and written a full analysis of it.



Hooke’s drawing





• What we have is a geometric proof that a 
central attractive linear force (-kx) will 
generate an elliptical path.  





• Why Hooke chose this force law isn’t 
entirely clear.  Two possibilities present 
themselves:

• 1) it is easier than 1/r2

• 2) it fits the circular pendulum analogy



• Did Hooke try the inverse-square force as 
well?  

• How could he not, since it was the problem 
of interest.

• It is more difficult, but not terribly so than 
the linear force, though I don’t think anyone 
has worked it out.



• What of the date?  The date on the 
manuscript is September 1685.  The 
development could be earlier, perhaps much 
earlier.



• September 1685 is about 10 months after 
Newton gave Halley his De Motu.

• Hooke, as a senior member of the Society 
presumably had access to the MS. of De 
Motu.  

• Was his manuscript just a belated attempt to 
catch up, perhaps after seeing Newton’s 
solution?



• The techniques used by Newton and Hooke 
are similar, but different enough to suggest 
that Hooke’s was independent.

• If Hooke had just copied Newton, he surely 
would have worked out the important case 
of the inverse-square force.



• On that view, Hooke’s proof is independent, 
perhaps earlier, perhaps not, implying that 
Hooke was able to do, in some sense, what 
he kept saying he could do.



• In the end, Hooke could never have written 
a work like the Principia.  He did not have 
the time, the ability to focus on a problem to 
the exclusion of everything else the way 
Newton could, or the mathematical tools to 
do what he did in the Principia.



Frontisepiece of Newton’s 
Principia (1687)



• Hooke was, however, a very great figure in 
early modern science, a consumate 
experimentalist who provided experiments 
at every meeting for years, providing the 
only reason the Society had to exist.  

• He also had great physical intuition and 
insight into physical problems.



• At meeting after meeting, Hooke’s 
explanations are almost always the clearest 
and most cogent, while other members often 
indulge in flights of fancy.



• It has now become a cliché to call Hooke 
“London’s Leonardo,” an apt comparison 
for more than one reason.  First, of course, 
the diversity and originality of his ideas.  
Second, because of the scattered pebbles, 
the unfinished ideas, that he left behind.



• But Da Vinci had the good fortune not to be 
followed by a Newton.



• He may very well have thought that with 
the “motion by the tangent and attraction 
toward the center,” plus the force law, that 
he had the solution in hand.

• (Hooke taught geometry but showed little 
interest in the new mathematics)



Speculations (“whig” history)

• Variability of Earth’s magnetic axis and 
how it might be revealed in rocks

• Variation of gravity with time
• Heat as internal motion of small parts of an 

object
• Whether magnetizing a body changes its 

weight!



• Effect of mountains on the Earth’s rotation, 
etc.

• Of course there was no theoretical structure 
to contain this ideas.



• The last meeting of the Society he attended was in 
July 1702. Hooke died, intestate, on 3 March 
1702/3:

• “His Corps was decently and hansomely interr’d 
in the Church of St. Helen in London, all the 
Members of the Royal Society then in Town 
attending his body to the Grave, paying the 
Respect due to his extraordinary Merit.”



• In th 19th century, his bones, along with 
others, were dug up and dumped in a mass 
grave in north London.  A stained glass 
window in St. Helen Bishopgate honoring 
Hooke was destroyed by an IRA bombing 
in 1992.  Nothing remained to show that 
Hooke had ever lived. 



• Except the Monument (with no reference to 
Hooke on it), and the Hooke churches (all 
attributed to Wren)



Hooke memorial, 2005. 
Westminster Abbey





Further Reading

• New biographies by Lisa Jardine and 
Stephen Inwood

• Robert Hooke: Tercentennial Studies, 2006
• (chapter by RDP)
• New biographies of Wren, Halley, as well.
• Scientific biography, unpublished as of 

2006, RDP
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