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A Political History of Gravity
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“Temple of Relativity”
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Long Gestation

Einstein labored for nearly 10 years on his
theory of gravitation. After several false starts, he
arrived at his field equations in November 1915.

Einstein’s Zurich
notebook, ca. 1913
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Dropping the Ball

Elevator at rest: ball falls to floor Elevator in free fall: ball hangs in
midair

f

Spaceship accelerating: floor rises | Spaceship at rest: ball hangs in

to ijil t midair<¢>




An “Asymmetry 1n the Explanation”

Finstein: There aren’t really 4 phenomena — only 2! The ball
either falls toward the floor or 1t doesn’t.

The same phenomenon had been given separate descriptions:

o B
PN

The earth’s gravitational attraction pulls No forces push on the ball, so it stays at
the ball downward. rest, while the floor accelerates upward.

But no experiment could distinguish between the two descriptions.
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Follow the Light Beam

View outside spaceship View inside spaceship

Inside the accelerating spaceship, the light beam appears to
bend toward the floor. Enter the Equivalence Principle: the
same phenomenon must occur when the spaceship 1s af rest1n
a gravitational field.




Follow the Light Beam

View outside spaceship View inside spaceship

Inside the accelerating spaceship, the light beam appears to
bend toward the floor. Enter the Equivalence Principle: the
same phenomenon must occur when the spaceship 1s at rest1in
a gravitational field.




Spacetime 1s Curved

If a light beam’s path 1s curved by gravity, this 1s like saying that
spacetime 1tself 1s curved by gravity. The geometry of spacetime
need notbe Euclidean.

— parallel lines
interior angles of Intersect
a triangle > 180°

surface of a sphere




A little help from his friends [PE % <8 T
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In 1912, Einstein found himself e S A
back in Zurich with his friend from
school days, Marcel Grossmann—
who was now a professional
mathematician. Einstein eventually
arrived at the ﬁeld equations Of Mérce-l Grossmanﬁ an<; Albert Einstein
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Geometry Supreme

To Emstein, gravitation was nothing but geometry. There
was no “force” of gravity: objects simply followed the

shortest paths through curved spacetime.

@

The earth “falls” 1n 1ts orbit around the sun because the
sun makes a bigger “dent” 1 the surrounding spacetime

than does the earth.




Questions?




acetime and War
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Relativity on the Eastern Front

One of the early adepts was the
Russian mathematician, Vsevolod

Frederiks, who had been studying i
Gottingen.

Gottingen Institute for
Theoretical Physics
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Equatlons in the 1renches

T Another colleague, Kar/
«\_, Schwarzschild, discovered his
now-famous solution to Einstein’s
equations as a diversion while
serving 1 the German Army on
the Russian front.
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Iclipse and Imprisonment

Sull another of Einstein’s colleagues, the German
astronomer Frwin Freundfich, tried to test a crucial
prediction of Einstein’s theory: that gravity could bend

the path of starlight.
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Apparent position of
+ distant star
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Relativity on the Western Front

Even after war had broken
out, Kinstein made several trips B S A
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to visit colleagues 1n Leiden, )
since the Netherlands was still a

- Lh
neutral country. e - ?‘n I

Finstemn visiting Paul Ehrenfest’s group i Leiden, 1920s
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Beyond the Blockade

The war choked off all direct contact between
scientists iIn Germany and Britain. Arthur

Eddington learned about general relativity from
Willem de Sitter, who sent him extensive

English-language primers.

A. S. Eddington, ca. 1920
Image is in the public domain.




IF'ddington’s Announcement

Immediately after the war, a British expedition led by £ddington

was successiul.

Nov 1918: Armistice

May 1919: Eclipse

expedition

Nov 1919: Results

announced
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Backlash: deutsche Physik

Einstein told the London 7imes, 1919:

“Today I am described in Germany as a Grofe Llaturfor{dyer
‘German servant,” and in England as a ‘Swiss Eine Gefdbidyte der Yiaturforidung

Jew.” Should it ever be my fate to be in Lebensbefdyreibungen
represented as a Héte noire, 1 should, on the

Pon

contrary, become a ‘Swiss Jew’ for the Dbilipp Senard

Heidelberg

Germans and a ‘German savant’ for the

English.”

Aller Fortjdritt und alle Rultur
Ser Mienidbbeit 1ind nidbt cus Scr
Majoritar geboren, fondern beruben
ausidlieplid auf Ser Geniclitér
und der Tatfraft der PeridnlidFeit.

Per Fubrer.
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Stark and Lenard Attack

Two-part strategy: 1. Einstein’s work was repugnant to the Aryan
sensibility. 2. Key results had been plagiarized from early Aryan
researchers. “irst of all you're wrong, and second of all, we got there first!”)
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Questions?




What Goes Up...

Annual number of publications on GRK worldwide, 1915-1960
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MIT: From Rad Lab to RLE
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MIT Rad Lab, WWII

Rad Lab (above) MIT Archives.
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Ballistic Missile Detection
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Trajectory Estimation

TRANSMITTER
PULSE

AMPLITUDE

Ws
1

Irwin I. ShapiI‘O

THE PREDICTION
OF
BALLISTIC MISSILE TRAJECTORI‘ES
FROM RADAR OBSERVAT!ONS

Millstone radar, 1957

Technicq| Report Ng: 129

27 Februcry 1957
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Target Practice

“T'his recording technique appears
to be especially promising for those
experiments in which a prion

- knowledge 1s lacking 1n several
sy respects and only a brief period is

" available for observation.”

Lincoln Lab director Carl Overhage to
Lt. General Roscoe Wilson (Air Force), 24 March 1959

Test of equipment and design:

use magnetic tape for data recording;

use certain types of digital code for real-
time data processing;

“Planetary Ephemeris Program”: use
radar inputs to estimate future position of

objects 1n the sky; builds on statistical
procedure for BMEWS.

Observatory © MIT Lincoln Laboratories. NYT article © New York Times. Control Room © source unknown. All
rights reserved. This content is excluded from our Creative Commons license. For more information, see
https://ocw.mit.edu/help/faq-fair-use/
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New Challenges

The Lab would pursue duatuse
projects with Haystack: expanded
planetary radar astronomy plus more
advanced missile defense.

Right © MIT Lincoln Laboratories. Below © source unknown. All rights reserved. This
content is excluded from our Creative Commons license. For more information, see
https://ocw.mit.edu/help/faq-fair-use/
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Schematic diagram of velocity of light-measurement method in terms of primary atomic standards deseribed in text.

Phase-lock control is used for the klystrons in a system using Varactor multipliers.

3.3 RESULTS OF THE GENERAL THEORY OF RELATIVITY (1916)

The propagation of light is influenced by gravitation. This is one of the fundamental
results of Einstein's general theory of relativity which has been put to experimental
test and found to be valid (16).

Three important results involving light need to be singled out (4).

(i) The velocity of light, measured by the same magnitude c independently of the
state of motion of the frame in which the measurement is being carried out, should
depend on the gravitational potential & of the field in which it is being measured,

according to the equation

o
c

where @ = -GM/R [G is the universal constant of gravitation (6.670 X 1078
M, the mass of the heavenly body (grams), and R, the radius of the body (cm)].

c =
cgs units),

For example, the term &/c” is approximately 3000 times greater on the sun than
on earth, so that the measurements of ¢ are smaller by 2 parts in a million on the

sun, as compared with measurements on earth.

Above & left ©
MIT. Right: ©
Lockheed Martin.
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This content is
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A New Test
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Radar echo would be 10?7 times weaker than the
transmitted signal; the time-delay would be about 200usec.
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ravity and Politics
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War, Peace, and Gravity

The fortunes of Einstein’s “temple of
relativity“—erected during World War |,
rejected by the Nazis, and reborn during the
Cold War —rose and fell with the political
tides. Even the most abstract theory could
not escape what Einstein had called “the

fetters of everyday life.”




MITO;)enCourseWare
https://ocw.mit.edu

STS.042J / 8.225J Einstein, Oppenheimer, Feynman: Physics in the 20th Century
Fall 2020

Forinformation aboutciting these materials orourTerms ofUse,visit: https://ocw.mit.edu/terms.



https://ocw.mit.edu
https://ocw.mit.edu/terms

	cover-slides.pdf
	cover_h.pdf
	Blank Page





