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abstract: Recent discovery of over 3500 extra-solar planets lexoplanets)
\as revolutionized our view of the universe, particularly the formation of

slanets and their habitability. The fast-pace of discovery poses a great
hallenge 1o scientists who need to know mare about the general

hroperties and inter|or processes of these massive planets, pan‘ucu‘arly
bhe rocky super-Earths. Here !

introduce a new research field of
sxagealogy and powerful static and dynamic compression technigues to

loxplore interior processes of super-Earths and their habitability.
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“If I have seen further it is by standing on the shoulders of Giants.”
— lsaac Newton, The Correspondence Of Isaac Newton

“I do not know what I may appear to the world, but to myself I seem to
have been only like a boy playing on the sea-shore, and diverting myself
in now and then finding a smoother pebble or a prettier shell than
ordinary, whilst the great ocean of truth lay all undiscovered before me.”

— |saac Newton

IRTEM. Dunning-Kruger Effect
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“I am enough of an artist to draw freely upon my imagination.
Imagination is more important than knowledge. Knowledge is limited.
Imagination encircles the world.”

— Albert Einstein
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Nicolaus Copernicus Tycho Brahe Golileo Galilei = Johannes Kepler Isaac Newton
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Figure 1.10 Tycho Brahe’s castle, Uraniborg (a), and his observatory, Stjerneborg (b),
on the Island of Hven. Image: Wikipedia Commons.
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Figure 1.11 Observing the elevation of a star as it transited due south. Observatory image:
Wikipedia Commons. Note, on the original, the window is too high.
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Measuring time
the transit circle telescope

As in any 19th-century observatory,
the telescope in this room was at

the heart of the work of Sydney
Observatory. Known as a transit circle,
it was used by astronomers to find the
exact time, the positions of the stars
and the geographical coordinates of
the Observatory.

To find the time, the transit circle
telescope relied on the regular daily
spin of the Earth. As the Earth spun,
stars passed through the field of view
of the eyepiece. Imagine a giant clock
with only one hand: the stars are then
the numbers on the clock face and the
telescope is the hand showing the time.

R 7R 2 B T v

—0

(Top) Astronomer Henry Alfred Lenehan observing through the transit circle
at Sydney Observatory, about 1907,

(Wu)ﬂwmndasqommluldod:dhlon!he‘suubwdod:model.
made in 1889, on display in the Powerhouse Museum.
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The radius vector (the line joining the centres of the Sun and Planet)
sweeps out equal area in equal times

A e



J&I 3 5
(EE. TEREERK)

Keplerianf = &€ fi: T o d
T’ =kXa? :
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i 0=(1/2.36%X10°)X2Xn=2.66 X 10 *rad.
L=1.022km. ‘
( HER A5 JF #127.32F=2.36E6F))

d=D—R=R/cos8—R=R|[(1/cos8)—1].
1/cos8=1+(68/2).
d=R X 0%/2

=[3.84 X 10°m X (2.66 X 107%)*|/2
=1.36 X10""m.
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Figure 1.18 Geometry of the Earth-Moon system.
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dynamics in which F=ma is modified to F=may, which y
is 1 for large acceleration, becomes a/ac when a is
small.
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To explain the rotational curve, one can choose
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F=GXM, M,/d

TF 3 = s e a=v/r F

ma mpv3/ r=G msmp/ re.
HHS

Cancelling m_and r, we get:
v=Gm/r
The period P of the orbit is simply 2ntr/v, so v=2nr/P.

Thus, 41 /P> =Gm /r
Giving: 4m’r’ = G m P?
(ms>>mp;
WAL R E2h) Dividing both sides by Gm_and swapping sides gives:

P = (4"*/Gm )r’.
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Figure 1.19 The Cavendish Experiment.
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Figure 1.20 A rubber sheet analogy of the distortion of space-time by mass

Matter tells spacetime how to curve; spacetime tells matter how to move.
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Gravitational wave detection wins physics Nobel

Rainer Weiss, Barry Barish and Kip Thorne share the 2017 prize for their work at LIGO to
detect ripples in space-time.

Davide Castelvecchi

B 24, Al

03 October 2017 g
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Vickmark/MIT. Cantre: Caltach. Right: Caltach Alumni Assoc

Rainer Weiss (left), Barry Barish (centre), and Kip Thorne (right), who led work to detect gravitational
waves.



