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Part one Part one 

How it all begins ...How it all begins ...

In what follows I use excerpts from the book:In what follows I use excerpts from the book:

Jan Hendrik Oort: Master of the Galactic SystemJan Hendrik Oort: Master of the Galactic System

by Pieter C. van der Kruit, Springer 2020by Pieter C. van der Kruit, Springer 2020



  

Authors: Jan Hendrik Oort Authors: Jan Hendrik Oort 
(1900 – 1992) and Adrianus (1900 – 1992) and Adrianus 
Jan Jasper van Woerkom Jan Jasper van Woerkom 
(1915 – 1991) . In 1941 van (1915 – 1991) . In 1941 van 
Woerkom, aged 26, was Woerkom, aged 26, was 
a student at Leiden. a student at Leiden. 

Oort in 1941



  



  



  

Adrianus Jan Jasper van WoerkomAdrianus Jan Jasper van Woerkom

From the Obituary written by R. L. Duncombe and M. S. Davis, From the Obituary written by R. L. Duncombe and M. S. Davis, 
Celestial Mechanics and Dynamical Astronomy, vol.53, no.1, 1992Celestial Mechanics and Dynamical Astronomy, vol.53, no.1, 1992



  

Adrianus Jan Jasper van WoerkomAdrianus Jan Jasper van Woerkom

From the Obituary written by R. L. Duncombe and M. S. Davis, From the Obituary written by R. L. Duncombe and M. S. Davis, 
Celestial Mechanics and Dynamical Astronomy, vol.53, no.1, 1992Celestial Mechanics and Dynamical Astronomy, vol.53, no.1, 1992



  



  

  

Van Woerkom in his thesis clearly demonstrated 
that all proposed theories of cometary origin, both 
for short period comets and long period population 

are completely inconsistent with observations.

Comets can not originate from the Solar System 
but also do not come from the interstellar space. 



  

PASP, 1993, vol.105, p. 681-685



  

Part twoPart two
  

What did Oort postulate ?What did Oort postulate ?



  



  



  



  

Oort paper can be roughly Oort paper can be roughly 
divided into four parts:divided into four parts:

● an evidence that the Solar System is surrounded by a huge cloud 
of comets, 

● a discussion on the importance of stellar perturbations in the 
inference on the cloud structure, velocity distribution and its long 
term evolution,

● a comparison of the 1/a distribution resulting from the proposed 
model with observations including the comet fading problem,

● and finally a hypothesis on the origin of the cometary cloud 
assuming that it formed together with the rest of the Solar 
System.



  

Oort wrote:Oort wrote: among the so- among the so-
called long-period comets there called long-period comets there 
are 22 for which, largely by the are 22 for which, largely by the 
work of Elis Strömgren, work of Elis Strömgren, 
accurate calculations have accurate calculations have 
been made of the orbits been made of the orbits 
followed when they were still followed when they were still 
far outside the orbits of the far outside the orbits of the 
major planets (1). For the major planets (1). For the 
present limiting ourselves to present limiting ourselves to 
the comets for which the the comets for which the 
perturbations were rigorously perturbations were rigorously 
determined, and excluding 3 for determined, and excluding 3 for 
which the mean error of the which the mean error of the 
reciprocal major axis, 1/a, is reciprocal major axis, 1/a, is 
larger than 0.000100, the values larger than 0.000100, the values 
of 1/a for the remaining 19 of 1/a for the remaining 19 
comets are distributed as comets are distributed as 
shown in Table I.shown in Table I.

In a footnote he specified:In a footnote he specified:

1. A list of these is given by Sinding, Danske Vidensk. Selsk., Mat.-Fys. 1. A list of these is given by Sinding, Danske Vidensk. Selsk., Mat.-Fys. 
Medd. 24, Nr 16, 1948, or Publ. o. Mindre Medd. Köbenhavns Obs. Nr 146. Medd. 24, Nr 16, 1948, or Publ. o. Mindre Medd. Köbenhavns Obs. Nr 146. 
Van Biesbroeck's orbit for comet 1908 III has been added to this list. Van Biesbroeck's orbit for comet 1908 III has been added to this list. 



  

From:  Geelmuyden-Strömgren, Lærebog i Astronomi, published at Oslo in 1945., page 285.From:  Geelmuyden-Strömgren, Lærebog i Astronomi, published at Oslo in 1945., page 285.

More:   https://apollo.astro.amu.edu.pl/PAD/pmwiki.php?n=WikicometPub.OortTable

*

**



  

  

1902 III 1902 III →→ 1/a = 0.0000054  1/a = 0.0000054 →→ a  a ≅≅  185000185000 au au

1922 II 1922 II →→ 1/a = 0.0000038  1/a = 0.0000038 →→ a  a ≅≅  263000263000 au au

and the aphelion distance Q = 2 * a  !and the aphelion distance Q = 2 * a  !

*

**



  

Oort & Schmidt, 1951, BAN vol.11, p. 259Oort & Schmidt, 1951, BAN vol.11, p. 259



  Oort, 1951, Origin and development of comets, Oort, 1951, Origin and development of comets, 
Halley Lecture for 1951, delivered at Oxford on May 1. Halley Lecture for 1951, delivered at Oxford on May 1. 



  

Part threePart three

In next years ...In next years ...



  

...



  



  



  

The Solar System. vol. 4, The Moon, Meteorites, and Comets. The Solar System. vol. 4, The Moon, Meteorites, and Comets. 
Barbara M. Middlehurst and Gerard P. Kuiper, Eds. Barbara M. Middlehurst and Gerard P. Kuiper, Eds. 

University of Chicago Press, Chicago, 1963. xxii + 810 pp.University of Chicago Press, Chicago, 1963. xxii + 810 pp.



  The Moon Meteorites and Comets, Edited by Gerard P. Kuiper, and Barbarra Middlehurts. 
Chicago: The University of Chicago Press, 1963, p.666



  

Lyttleton, R. A., Nature, Volume 202, Issue 4932, pp. 526-527 (1964).Lyttleton, R. A., Nature, Volume 202, Issue 4932, pp. 526-527 (1964).



  

A small piece of the letter from Oort to the Nature editors A small piece of the letter from Oort to the Nature editors 
as a response to the Lyttleton’s review of the book.as a response to the Lyttleton’s review of the book.



  

Part four:Part four:

What remains intact after 70 years ?What remains intact after 70 years ?



  

Overall 1/aOverall 1/aorigorig distribution  distribution 



  



  

But ...But ...

a = 200 au



  

Classical impulse approximationClassical impulse approximation

 vc=
2GM

V
{
bc

bc

−
b

b
}



  Duncan, Quinn, Tremaine, 1987     Dones, Levison, Duncan, Weissman, 1998 - 2004



  

Single stellar passage effectsSingle stellar passage effects



  

Part fivePart five

Galactic perturbationsGalactic perturbations



  

  ● It is important to realize that Oort based his hypothesis 
on the assumption that outside the planetary zone 
comets move on Keplerian orbits, with only sporadic 
impulse perturbations from passing stars.

● This is very surprising taking into account his great 
knowledge on the Galaxy, its rotation and the 
kinematics of stars.

● It is even more astonishing if we recall that in 1943 
van Woerkom published a paper on the precession of 
planetary orbits as a result of the Galactic gravitational 
action. This subject was suggested to van Woerkom by 
Oort ! (see BAN, vol. 357, page 427, 1943)



  Simplified model of Galactic tide, Heisler & Tremaine, 1986, Icarus 65, 13Simplified model of Galactic tide, Heisler & Tremaine, 1986, Icarus 65, 13



  



  

Numerical integration is necessary ...Numerical integration is necessary ...



  

Which perihelion passage ?Which perihelion passage ?



  

Planetary perturbations for 499 cometsPlanetary perturbations for 499 comets

Detailed calculations show that only 50% of comets are removed from Detailed calculations show that only 50% of comets are removed from 
the Oort cloud during a single passage through the planetary zone.the Oort cloud during a single passage through the planetary zone.



  



  

Galactic potentialGalactic potential



  

Equation of comet motionEquation of comet motion



  



  

Part sixPart six

Stellar dataStellar data



  

⊙
11 stars

39 stars

40 stars

Algol, 5.8 M⊙, -7.4 Myr

HD 15117, 1.2 M⊙, -6.4 Myr

 Θ Col, 4 M⊙, -4.8 Myr

GJ 217.1, 2.4 M⊙, -0.9 Myr

GJ 710, 0.6 M⊙, +1.4 Myr

HD 142500, 2 M⊙, +3 Myr

 α CenAB+Proxima, 2.2 M⊙

 SiriusAB, 3 M⊙

Before Before GaiaGaia



  



  11114 clones of P1079=ALS 9243

Based on Based on GaiaGaia DR2 DR2



  11114 clones of P1079=ALS 9243

Based on Based on GaiaGaia EDR3 EDR3

min dist   
5613.1 pc   a

t   
-14.41 M

yr

min dist   
5613.1 pc   a

t   
-14.41 M

yr



  

DR2 versus EDR3 (777 stars)DR2 versus EDR3 (777 stars)

●   diff. in plx > 100% :.…………………………………..... 180diff. in plx > 100% :.…………………………………..... 180

●   diff. in plx > 50% :……………………………………......   8diff. in plx > 50% :……………………………………......   8

●   diff. in plx > 10% :…………………………………….....  28diff. in plx > 10% :…………………………………….....  28

●   diff. in plx > 1% :...……………………………………... 182diff. in plx > 1% :...……………………………………... 182

●   diff. in plx below  1% :……………………………….... 370diff. in plx below  1% :……………………………….... 370

●   diff. in pm > 100% :..…………………………………... 222diff. in pm > 100% :..…………………………………... 222

●   diff. in pm > 50% :.………………………………….......  88diff. in pm > 50% :.………………………………….......  88

●   diff. in pm > 10% :…………………………………....... 199diff. in pm > 10% :…………………………………....... 199

●   diff. in pm > 1% :..…………………………………....... 142diff. in pm > 1% :..…………………………………....... 142

●   diff. in pm below  1% :…………..…………………….. 126diff. in pm below  1% :…………..…………………….. 126
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From: Dybczyński & Królikowska, 2022, arXiv:2112.15353From: Dybczyński & Królikowska, 2022, arXiv:2112.15353



  

C/1853 L1    1B  +0.000013  5741.
C/1863 T1    2A  +0.000014  3239.
C/1885 X1                        ̶0.000423                    
C/1885 X2    1B  +0.000331        0.4760.476
C/1886 T1    1B  +0.000045        0.4990.499
C/1888 R1    1A  +0.000048        3.2813.281
C/1890 F1    1B  +0.000089        2.1622.162
C/1896 V1    1B  +0.000005    112.100
C/1898 L1    1A  +0.000068        2.1892.189
C/1902 R1    1B  +0.000027      19.940
C/1906 B1    2B  +0.000630        1.2961.296
C/1907 E1    1B  +0.000025      38.940
C/1908 R1    1B  +0.000174        0.9450.945
C/1913 Y1    1A  +0.000028      41.070
C/1922 U1    1A  +0.000021    107.8
C/1925 G1    1A  +0.000039        0.3240.324
C/1925 W1    1B  +0.000024      82.59
C/1932 M2    1A  +0.000045        3.9843.984
C/1935 Q1    1A  +0.000018    124.8

~1.5~1.5

~2.3~2.3

Previous perihelion distances of Previous perihelion distances of these 19these 19 comets. comets.



  

From: Dybczyński & Królikowska, 2022, arXiv:2112.15353From: Dybczyński & Królikowska, 2022, arXiv:2112.15353



  

Part sevenPart seven

1/a1/aorigorig distribution details distribution details
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From: Królikowska & Dybczyński (2020)From: Królikowska & Dybczyński (2020)



  



  

SupplementSupplement



  

A new mechanism was proposed A new mechanism was proposed 
in 2009 by Kaib & Quinnin 2009 by Kaib & Quinn

(Science 325, 1234, Reassessing the Source of Long-Period Comets)(Science 325, 1234, Reassessing the Source of Long-Period Comets)

but without any significant but without any significant 
reaction or discussionreaction or discussion



  



  

The EndThe End
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