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S 1905 |

' Special Relativity

~ Speed of light is

| constant, the same
for al1l Observers.

Moving clocks run
Slow

Moving rods appear
short

- Inergy and mass
dre equivalent
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lllustration: Ollie Dean 2015
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1907

. Equivalence principle
No difference between
acceleration and
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gravity.

g 1915

5  General Relativity

i Gravity is geometry.
| Spacetime is curved.

Gravity;

moves mass

bends light

warps time

makes waves
creates black holes
explains the cosmos

How do we know this
is right?
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Gravity moves mass

1915 Einsteln revolves a
long-standing problem
concerning the motion of
Mercury.

%

The missing 43 arcseconds
per century in the
perihelion precession 1s
explained by relativity.



Image: Albert Einstein archives ol K13

Aclua

\ » sition App
\ /r ..i"' { /‘- 7 ‘ of 1h ST !

/ ‘l‘ A J Dislonce from the Earth -

\ A / ol To the Stello Backor round 2ot
Peetle ® [} |
‘ ’
/
/

- 95,000.000,000,000 miles.
Lot '{; '

. [ﬁ“ A,

Y 1 T

,-f/tlﬁ'/"“(

(“c’“"“}- v‘.e'-.'!‘/.‘.c R el 7

Adaed ek oo fouheran
-0 ‘;’r 0‘&.“ &‘ #rA THESUN
ﬁ. /{/l il b ame ek < ‘Mf.l Dislance fram "5
I ) . f < l od | s.s'.hcfogoo,'ooo miles
i |
~“b -‘IJ(" .lz(’.. /‘ 7
.“‘_na.-d' 2o / l‘ (/ P R ;

40n~ [-.iv'“ ——
- .~\d VS
. /(( . s .'.quml“ ll& Ir" “ )

|

o’s&a"“
L voe J*
™ P n\““‘“ " A

34 sarvid ’/“'. o /
e dnul‘ die o T Aanvtntbiisy
L \ Jo‘m 'A 4
be 22—

.ti"‘ r “y““‘-- J‘ ’
e ;L* /{‘,‘.J». #‘7 "Ql él.' et sendlg

1919: Predlcted llght bendlng tested during
solar ecllpse, but only at the 30% level..
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in astronomy

Image: Ralph Morse/Getty images



1960

A violent universe
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Cygnus A [NRAO]
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Crab nebula [NASAJ, 1 o« i S Eiah Crab pulsar [Chandra/NASA]

- Stars run out gf fuel”
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and explode, in ‘supernovae.. ..
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Gravity moves mass

1974: PSR B1913+16

2011: Mercury MESSENGER [NASA]

2011: Precision tracking of Mercury provides much
tighter constraint.

Since 1974 Theory tested in the strong gravity
regime using neutron stars.




Gravity bends light

Image: NOAA - : _ ALMA array

1970s: Long baseline radio interferometry allows
accurate measures of light bending, testing
theory at the 0.01% level.



Image: HST/NASA 'LRG 3-757 [NASA] Einstein cross [NASA]

Apparent image:
| moved and stretched
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Apparent image:
moved and stretched

Gravitational lensing sheds light on dark matter.




Gravity warps time

1959: Pound & Rebka experiment Cassini [NASA]

S —
detector A

photons dropped

photons launched

Fe”sourM

1917: Failed attempt to detect solar redshift
195%: First precision test measures mass of photon
2003: Cassini tests time delay at 0.001% level
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Cygnus X1 [NASA]
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Black holes shine in x-rays as
e they devour binary partners.
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et M8T7 [NASA]

S0-1
S0-2
S0-5
S0-16

e SO-19
S0-20
S0-38

e S0-102

¥ ; eck/
NGC4258 [NASA) Galactic CSGAWTOUP Milky Way
Massive black holes lurk at the centre of many
galaxies, including our own Milky way..




Gravity n.lakes' wavéé
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Gravitational waves are generated
when massive bodies are accelerated. fgis
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Simulation of colliding black holes [AEI/ZIB]

LIGO'Hanford

Gravitational waves have proved elusive, but a new
generation of detectors should soon catch them.




Gravity explains the cosmos

Dark Energy
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
380,000 yrs. Galaxies, Planets, etc.
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1st Stars
about 400 million yrs.

Image:WMAP/NASA
g Big Bang Expansion

13.7 billion years
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Image: NASA

Image: Planck/NASA

Atoms
Dark
4.9% Energy
Dark 68.3%
Matter
26.8%

TODAY

Image: Planck/NASA




2015

After 100 years of relativity

General Relativity has
been tested in numerous
ways - over a wide
range of scales -
always passing with
flying colours.

The theory clearly
explains what we see ..

.. but there are still

questions:

- Are the black holes
we see those of
Einstein’'s theory?

- How do we understand
the dark energy®”

- Can we reconcile
relativity with
quantum theory?



