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A NEW PLANELT.

An important circumftance in Afivonomy has juft occurred, no lefs than the
Difcovery of anotser NEw PLaxst! ! Thisceleltial phenomenon moves be-
tween theorbits of Marsand Jupiter,andisan intermediate ! lanet between them,
It was difcovered by M. Prazzi,an Italian Aftironomer, on the 1% of January,
1801. He concealed the difcovery, to preferve all ‘the honour and obfer-
vations to himfelf, till after fix weeks clofe watching, he fell ill. - It will ngt
‘be in a fitu.dion, with regard to the Sup, to be obferved again, tilla month
or two hence. It is buta fmall Planet, ranking only as a dtar of the eighth
magnitude, aud therefore not viible to the naked eye. Its motion is nearly
parailel to the ecliptic, at prefent about 41° to the north of it, and nearly
entering the fizn Leo. The diftance from the Sun is ubout 23 times that o
the earth, and the periodical time nearly four years and two months,—Othee
particulars fhall be given in our next. L -
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Kepler’s 3 Laws of Planetary Motion

« " Planet

6 months ~ = A -
Sun i & months.

1) (2) 2(5) 5 T=timeto complete orbit
The orbits are ellipses Equal areas in equal time T# o a® @ = semi-mojor oxis






10



LVIL Ucber den-nevien Haupiplanesen’ 639

hm in der Nahe der Quadfatur der Eigflufs der Son<

.- Lings geringer ift, als in #odem Lagen. Dr.
Gan/( glaubt daher, dafs & picht undienlich wire,
weqn man dip Febler der Sounentafela aus feh go.
und
iter derSonne, hiernach verbellerté, Diefe vier
4¢n Elemente find guo folgende s -

4

‘Sonaenfer 26007 58] Hicouy |

Qe olp. Glef:
Neigung . - Far e
Log. halb. g. Axe gl miilee b

Excemricitt < &, 0835017 topikle Boweg: 770" 9:,
Epoche 150031 Dec. 77° 36' 54’

Apo- diefen Elementen hat Dr. Ganfr rnlgemh
Orter ‘der Ceres Ferdinandea im voraps berechnet,
Die zm ift mittlere Fiir Mitternacht in Palermo. 3

P T R E T T
o | e [ S
R Bt |von 4655 |vom seToFpekerer -
i, Helligk, ™
Z. E
Bov. sgls o 16) 9 1slor 43181
Dec. 1|5 22 15| 9 48[os 6459
25 24 7|10 12100 6855
135 25 s3i0 37]0s S5, 7200
19l 27 2911 4on 4 770
255 28 53|ix 32[0, 354680, 40512[04 8205
3116 o 1ol1z 1lo. 34000l0, 40528le, 8869

Sollte man den Ort des Planeten nach diefen Eles
menten genauer, oder auf eiue lingere Zeit boteche
nen wollen:' fo fetzen wir zu dielem Behufe noch
folgande Formela hierher:

1) Zur

11



12



2
2
s
a

13



Procession of Ceres through Sky
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Modelling
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Modelling




An Over-determined System
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An Over-determined System
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An Over-determined System
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An Over-determined System

e An over-determined system means that we have more data than we need to
determine our parameters.
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An Over-determined System

e An over-determined system means that we have more data than we need to
determine our parameters.

e The problem arises because the model is a simplification of the world and
the data is therefore inconsistent with our model.
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Laplace Demon Laplace,

We ought then to regard the present state of the
universe as the effect of its anterior state and as the
cause of the one which is to follow. Given for one
instant an intelligence which could comprehend all the
forces by which nature is animated and the respective
situation of the beings who compose it—an intelligence
sufficiently vast to submit these data to analysis—it
would embrace in the same formula the movements of
the greatest bodies of the universe and those of the
lightest atom; for it, nothing would be uncertain and
the future, as the past, would be present to its eyes.
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Does God Play Dice?!

This led to the idea of scientific determinism, which seems first to
have been publicly expressed by the French scientist, Laplace.
— Stephen Hawkins

1Does God Play Dice? - Stephen Hawkins
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https://www.hawking.org.uk/in-words/lectures/does-god-play-dice

All these efforts in the search for truth tend to lead [the human mind]
back continually to the vast intelligence which we have just mentioned,
but from which it will always remain infinitely removed.

— Pierre Simon Laplace, A Philosophical Essay on Probabilities
Laplace, 1814
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Laplace Gremlin

"The curve described by a simple molecule of air or vapor is regulated
in a manner just as certain as the planetary orbits; the only difference
between them is that which comes from our ignorance. Probability is
relative, in part to this ignorance, in part to our knowledge. We know
that of three or greater number of events a single one ought to occur;
but nothing induces us to believe that one of them will occur rather than
the others. In this state of indecision it is impossible for us to announce
their occurrence with certainty. It is, however, probable that one of these
events, chosen at will, will not occur because we see several cases equally
possible which exclude its occurrence, while only a single one favors it."
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An Over-determined Sysatem

e Over determined system

Yi = [w1, wy)] [ ? ]
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An Over-determined Sysatem

e Over determined system

Yi = [w1, wy)] [ ? ]

e Parametrisation of ignorance

+ €

yi = [a, 1) [ N
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The Gaussian Distribution

p(x)

+6i

Yi = [CL, b] [ 312
€; NN(O,)
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Probability Model
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An Under-determined System
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Under-determined System

e Under determined system

Y = w1, wo)] [ ? ]
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Under-determined System

e Under determined system

Y = w1, wo)] [ ? ]

e Parametrisation of ignorance
T
yi = [w1, wo] ]

w2

[“”]NN(O,E)
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Machine Learning
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Machine Learning and the Physical World




Machine Learning




100 =

o (=]
e I

abpajmouy

100

80

60

Ho

20

Data

40



100 =

80 =

0 T
Q [}
9 I

6 331109/36 pajmouy

20 =

Data

41



Knowled ge/Beliefs
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Knowled ge/Beliefs
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Machine Learning

We ought then to regard the present state of the
universe as the effect of its anterior state and as the
cause of the one which is to follow. Given for one
instant an intelligence which could comprehend all the
forces by which nature is animated and the respective
situation of the beings who compose it—an intelligence
sufficiently vast to submit these data to analysis—it
would embrace in the same formula the movements of
the greatest bodies of the universe and those of the
lightest atom; for it, nothing would be uncertain and
the future, as the past, would be present to its eyes.

Compute
Data + Model “—" Prediction
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What is this course not

e Not about models
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What is this course not

e Not about models

e Not about inference
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What is this course not

e Not about models
e Not about inference

e Not about specific problems
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Lectures

Week 1 Introduction (che29) Week 2 Practical Gaussian
Week 1 Quantification of Beliefs Processes (che29)
(che29) Week 3 Simulation (ndI21)

Week 2 Gaussian Processes (che29) Week 3 Emulation (ndI21)
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Lectures

Week 4 Sequential Decision Making

Week 5 Experimental Desi
Under Uncertainty (che29) ee xperimental Design

(ndI21)
Week 6 Sensitivity Analysis (ndl21)

Week 6 Multi-fidelity Modelling
(ndI21)

Week 4 Reinforcement Learning
(che29)

Week 5 Probabilistic Numeric
(che29)
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Course website

https://mlatcl.github.io/mlphysical/
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https://mlatcl.github.io/mlphysical/

Project Lectures

Week 7 Planet simulations
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Project Lectures

Week 7 Planet simulations
Week 7 TBA
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Project Lectures

Week 7 Planet simulations
Week 7 TBA
Week 8 TBA
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Project Lectures

Week 7 Planet simulations
Week 7 TBA

Week 8 TBA

Week 8 7
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Assessment (30%)

e Indivudual Assessment (2 - 15%)

Gaussian Processes deadline 24/10
Sequential Decision Making deadline 7/11
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Assessment (70%)

e Group Project (70%)
e pick your own simulation environment
e deadline 18/1
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Summary




e The history of making a problem well posed by mixing data and knowledge
goes far back

53
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e In order to reduce our ignorance and learn we need to parametrise it
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e The history of making a problem well posed by mixing data and knowledge
goes far back
e In order to reduce our ignorance and learn we need to parametrise it

e The notion of probabilities allows us parametrise our ignorance
e Our ignorance comes from many sources

e model
e data

53



e The history of making a problem well posed by mixing data and knowledge
goes far back

e In order to reduce our ignorance and learn we need to parametrise it

e The notion of probabilities allows us parametrise our ignorance
e Our ignorance comes from many sources

e model

e data

e compute
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