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Stars askew in the heavens!
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Gravity affects light

8

J. Michell (1784): 3 1.6 X 10° My,
. ®

If there should really exist in nature any bodies whose
density is not less than that of the sun, and whose
diameters are more than 500 times the diameter of the
sun, since their light could not arrive at us... we could have
no information from sight; yet if any other luminous
bodlies should happen to revolve about them we might still
[infer] the existence of the central ones....

P. S. Laplace (1796):

.. the attractive force of a heavenly body could be so
large that light could not flow out of it.




Does gravity bend light?
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.’ To find the bending of a ray of light
which passes near the surface of any
body by the attraction of that body:
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Let s be the center of a body and aa
point of surface. Let the velocity of
body revolving in a circle at a distance
as from the body be to the velocity of |
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Does gravity bend light?

Einstein 1911
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The 1919 Eclipse Expedition

Sir Frank Dyson Arthur S. Eddington Andrew C. D. Crommelin

« 1916 - De Sitter sends Einstein's papers to Eddington
« 1917 - Eddington prepares report on GR for London Physical Society
« 1917 - Dyson & Eddington start planning, get £1,000 grant
« 1918 - Eddington almost drafted for WW I

« 1918 - Nov. 11 - war ends

« 1919 - April departure for Sobral and Principe




The 1919 Eclipse Expediti
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The 1919 Eclipse Expedition

The Sobral Measurements

« 4" and 13" telescopes

* Cloudy weather during eclipse

« 13" changed focal length
during eclipse - data not used

« 4" gave 7 plates with 7 stars
each

« Comparison plates made on
July 11

« Departed on July 22

The Principe Measurements

One telescope

Morning rain, mostly cloudy

2 usable plates with 5 stars each
No comparison plates made
(plates from Oxford made in Jan
1919 used instead)

“check" plates used

Departed on June 12, arrived
Liverpool July 14

——
[ "\




The Lick Eclipse Measurements

Total 1900 May 28
Saros 126 7 1454 TD

William W. Campbell Heber Curtis

* Anxious o beat the Brits fo a GR fest AT/ |

* Analyzed plates from 1900 eclipse near N
Augusta Georgia, and a 1918 eclipse at “o . June1918
Goldendale Washington N

« Images poor; ho unambiguous evidence of
deflection

* Reported results at July 11 1919 meeting
of the Royal Astronomical Society

 Dyson reported that Eddington might have
a positive result




The 1919 Eclipse Expedition

The Sobral Measurements The Principe Measurements

« 4" and 13" telescopes * One telescope

* Cloudy weather during eclipse * Morning rain, mostly cloudy

« 13" changed focal length « 2 usable plates with 5 stars each
during eclipse - data not used » No comparison plates made

« 4" gave 7 plates with 7 stars (plates from Oxford made in Jan
each 1919 used instead)

“check" plates used
beparted on June 12, arrived

July 11
Liverpool July 14

« Departed on July 22

Sobral Result
AO =1"7.98+0".12

= (1.13 £ 0.07)A

Principe Result
Af =1".6140".30

= (0.92 £ 0.17)Abgr

..........

1979 re-analysis
Aby =1".90 £ 0".11

Afq30 = 1".55 & 0".34




The 1919 Eclipse Expedition
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From Adulation to Denouncement

The publlc Einstein Initial US skepticism
R0 E Campbell & Trumpler 1922
AO=1"724+0"11

German anti-relativity
campaigns
« Philipp Lenard
« Nobel prize 1905
« Supported Nazi ideology
« Denounced "jewish" science
such as relativity

* Reprinted von Soldner’s
paper in 1921
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Measuring the PPN parameter y
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Lenses: Einstein's gift to astronomy




Geometry bends light: and wins an Oscar!

Interstellar, Paramount Pictures, Directed by Christopher Nolan
Starring: Matthew McConaughey, Anne Hathaway, Jessica Chastain, Michael Caine, ...
Image based on calculations by Kip Thorne and Double Negative Co.



Geometry bends light: Black hole shadows

Event Horizon Telescope (EHT)
- mm wavelength
- horizon scale angular

resolution at SgrA* and
M87
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The black hole in M87
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See Heino Falcke's talk on Friday




Principe: May 29, 2019

Welcome 10 Principe
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ECLIPSE DE SOBRAL
9192019

HOSPEDAGEM
Saboya (Centro de Referéncia da Mulhe
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