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The	  Debate	  

•  From	  late	  1679	  to	  early	  1680,	  Isaac	  Newton	  and	  
Robert	  Hooke	  exchanged	  leXers	  about	  the	  
moYon	  of	  a	  body	  falling	  through	  the	  rotaYng	  
Earth.	  

•  Each	  man	  presented	  mulYple	  conjectures	  about	  
this	  moYon,	  each	  conjecture	  based	  on	  different	  
implicit	  assumpYons	  about	  the	  forces	  acYng	  on	  
the	  body	  as	  it	  travels	  through	  the	  Earth.	  

•  We	  have	  constructed	  computer	  simulaYons	  to	  
illustrate	  each	  conjecture.	  



Newton	  Conjecture	  1	  

•  Newton	  wrote	  to	  Hooke	  suggesYng	  an	  object	  
dropped	  from	  a	  tall	  tower	  would	  fall	  slightly	  to	  
the	  East,	  because	  the	  object	  is	  iniYally	  moving	  
eastward	  (due	  to	  Earth’s	  rotaYon)	  faster	  than	  
the	  point	  on	  Earth	  directly	  below	  it.	  

•  Implicit	  assumpYons:	  object	  at	  Equator,	  no	  
significant	  forces	  other	  than	  gravity,	  object	  
released	  from	  rest	  in	  rotaYng	  Earth	  frame	  



Newton’s	  Sketch	  

•  Newton	  included	  a	  
sketch	  showing	  the	  
moYon	  of	  the	  body	  
to,	  and	  through,	  the	  
Earth.	  

•  More	  on	  this	  later.	  
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I Fig. 1. Deviation to the war.  Kepler 1618 in 

'#, *.i, Epitome (Werke VII 96). The dotted line repre- 
sents the absolute motion, not drawn by Kcpler. 
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Fig. 2. Deviation to the cusf. Newton to Hooke 1679. 
Thanks are due.to the Librarian of Trin. Coll. 
Cambr. for permission to reproduce this CUTVC. 

y s  natural size. 

Fig. 3. Deviation L'B to the south-must. An attempted 
construction of HooWs elliptical f d  cum from 1679. 
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Hooke	  Conjecture	  1	  

•  Hooke	  agreed	  that	  the	  body	  would	  fall	  east,	  but	  
disagreed	  with	  the	  part	  of	  Newton’s	  sketch	  inside	  
Earth.	  

•  He	  stated	  that	  the	  path	  would	  “resemble	  an	  
Elleipse”	  if	  the	  “gravitaYon	  to	  the	  former	  Center	  
remained	  as	  before.”	  

•  Implicit	  assumpYons:	  object	  at	  Equator,	  inverse	  
square	  gravitaYonal	  force,	  no	  resistance,	  
released	  from	  rest	  in	  rotaYng	  frame,	  path	  
described	  in	  inerYal	  frame	  



Hooke	  Conjecture	  2	  

•  Hooke	  noted	  that	  if	  one	  
assumes	  a	  resistance	  to	  
moYon	  within	  the	  Earth,	  
then	  the	  path	  will	  be	  an	  
ellipYspiral	  (as	  shown	  in	  
Hooke’s	  sketch).	  

•  Implicit	  assumpYons:	  as	  
before	  but	  with	  very	  
slight	  resisYve	  force	  
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Se "Could scarce persuade myself to answer 
his second letter; did not answer his third," re- 
ports Newton to Halley, 20 June I686; cf. W. 
W. Rouse Ball, Op. cit., p. 157. This "third." by 

the way, was perhaps the most important of the 
lot: it was the letter where Hooke told Newton 
that "the attraction always is in duplicate pro- 
portion to the center reciprocall...." 



Newton	  Conjecture	  2	  
•  Newton	  thinks	  Hooke	  is	  

saying	  that	  the	  gravitaYonal	  
force	  inside	  Earth	  has	  
constant	  magnitude.	  	  He	  
supplies	  his	  own	  sketch	  of	  
what	  this	  path	  should	  look	  
like.	  

•  Implicit	  assumpYons:	  object	  
released	  from	  Equator,	  
constant	  magnitude	  force	  
toward	  Earth’s	  center,	  no	  
resistance,	  released	  from	  
rest	  in	  rotaYng	  frame,	  path	  
shown	  in	  inerYal	  frame	  
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-at least partially -upon a misunderstanding. And Hooke not only "corrected" 
Newton, but also exposed his blunder to the Royal Society, i.e., to the world.89 

Small wonder, therefore, that Newton's answer should be as dry and terse as a 
solicitor's writ. He wants to make his blunder good somehow and, at the same time, 
to teach Hooke a lesson, show him his own error, tell him what, in the case imagined 
by him (a fall through a void space which yields without resistance), the real path 
of the falling body would be. 

Newton admits that if there is no resistance, the body in question will not arrive 
at the center of the earth. But in that case, and contrary to Hooke's supposition, it 
will not describe a closed curve "resembling an ellipse" but an open 90 and very 
complicated one - a curve which he, Newton, is able to determine, but not Hooke. 
Thus, he writes: 
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I agree wth you yt ye body in Or latitude will 
fall more to ye south then east if ye height it 
falls from be any thing great. And also that 
if its gravity be supposed uniform it will not 
descend in a spiral to ye very center but cir- 
culate wth an alternate ascent & descent made 
by its vis centrifuga & gravity alternately over- 
ballancing one another. Yet I imagin ye body 
will not describe an Ellipsoeid but rather suit 
a figure as is represented by A F 0 G H J K L 
etc . 91 

At the end of the letter, Newton, imitating Hooke's manner, concludes: 
Your acute Letter having put me upon con- 
sidering thus for ye species of this curve,92 I 
might add something abouts its description by 
points quam proxime. But the thing being of 
no great moment I rather be[gi yor pardon 
for having troubled you thus far wth this 

second scribble wherin if you meet wt11 any 
thing inept or erroneous I hope you will pardon 
ye former & ye latter I submit & leave to yor 
correction remaining Sr 

Yor very,humble Servant 
Is. NEWTON 

8 From a formal point of view, Hooke's 
actions were perfectly correct: he did not read 
to the Royal Society the "personal part" of 
Newton's letter (about his estrangement from 
philosophy, etc.); as for the scientific part, it 
was addressed to Hooke as the secretary of the 
Royal Society, and had to be presented to its 
members, as well as the answer (scientific) that 
Hooke sent to Newton. Still, having repeatedly 
asked Newton for a private correspondence and 
having assured him of secrecy, Hooke, in making 
this correspondence public, certainly demon- 
strated a lack of tact. As for Newton's reaction, 
it is expressed in the following passage of the 
postscript of his letter to Halley quoted supra, 
n. 88. (p. i6x): "Should a man who thinks him- 
self knowing, and loves to show it in correcting 
and instructing others, come to you, when you 
are busy, and notwithstanding your excuse press 
discourses upon you, and through his own mis- 
takes correct you, and multiply discourses; and 

then make this use of it, to boast that he taught 
you all he spake, and oblige you to acknowledge 
it, and cry out injury and injustice if you do 
not; I believe you would think him a man of 
strange unsociable temper. M' Hooke's letters 
in several respects abounded too much with that 
humour, which Hevelius and others complain 
of. . . ." 

'As a matter of fact, Newton does not say 
that the curve will be an open one; nor does 
he say that it will be closed; he does not sa-y 
anything about it. His very careful drawing is 
made in such a way as to leave the question 
open. 

9' Cf. J. Pelseneer, Une lettre inedite de New- 
ton, Isis I2, p. 243 sq., 1929. This letter is dated 
I3 Dec. I679. 

'2 A moment of very great importance, be- 
cause, as Newton himself later told Halley 
(letter of 27 July i686, W. W. Rouse Ball, 
op. cit., p. i67): ". . his correcting my spiral 



Hooke	  Conjecture	  3	  
•  Hooke	  says	  he	  didn’t	  mean	  
constant	  magnitude,	  he	  meant	  
inverse	  square.	  	  But	  he	  really	  
thinks	  the	  force	  would	  get	  
smaller	  toward	  the	  center	  
“possibly	  somewhat	  like	  the	  
gravitaYon	  on	  a	  pendulum	  …”	  

•  A	  uniform	  density	  Earth	  does	  
give	  a	  linear	  Hooke’s	  law	  force.	  	  
If	  we	  include	  a	  moderate	  
resisYve	  force,	  the	  result	  is	  a	  
path	  very	  much	  like	  Newton’s	  
original	  sketch	  if	  we	  view	  it	  in	  
the	  rotaYng	  Earth	  frame.	  
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Fig. 2. Deviation to the cusf. Newton to Hooke 1679. 
Thanks are due.to the Librarian of Trin. Coll. 
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Fig. 3. Deviation L'B to the south-must. An attempted 
construction of HooWs elliptical f d  cum from 1679. 
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Lessons	  
•  ScienYsts	  always	  make	  assumpYons	  when	  modeling	  a	  
physical	  system.	  	  SomeYmes	  these	  assumpYons	  are	  
lef	  unstated.	  

•  Things	  are	  much	  less	  confusing	  when	  we	  idenYfy,	  and	  
clearly	  state,	  the	  assumpYons	  that	  are	  involved	  in	  our	  
modeling.	  	  (Building	  computer	  simulaYons	  forces	  you	  
to	  do	  this!)	  

•  To	  understand	  a	  sketch	  depicYng	  moYon,	  we	  must	  
know	  which	  reference	  frame	  is	  being	  used.	  

•  In	  this	  debate,	  Newton’s	  original	  sketch	  was	  probably	  
the	  most	  realisYc,	  but	  Hooke	  clearly	  had	  sophisYcated	  
ideas	  about	  gravity	  before	  the	  publicaYon	  of	  the	  
Principia.	  



Resources	  

•  Stand-‐alone	  simulaYon
(FallingBodyOnRotaYngEarth2D)	  available	  in	  
the	  Open	  Source	  Physics	  collecYon:	  
www.compadre.org/osp/.	  

•  Launcher	  package	  available	  at	  
facultyweb.berry.edu/lmberlake/
newtonhooke/.	  


