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* the large and the small

® The unreasonable effectiveness of mathematics in the natural sciences
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Figure 3.25 This diagram illustrates what we often call the scen-
j‘ﬂc method.




Physics as a numerical science
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Physics as a numerical science

@ compare high-precision measurements with theoretical
calculations

- M2 (RE)= 43t 2O0t=0| AL, B2| AL, OtLH 8= Thot ALY

@ Why high precision?
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talking about high—precision?
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talking about high—precision?
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talking about high—precision?

(a lesson)
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The large and the small



How Big is the Universe!?

o~ Fw

“The universe is THIS big”
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Units for measurements

PLA]A?CJX measuremeds - ST ks
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Mass, [M] feg E
TEM [T] S @

e They are standard units (SI), but human-oriented

* Any “natural” units?
- for this, we need modern (20t C) physics
i.e. Relativity & Quantum Theory




SI units (International System of Units)

Base Quantity unit symbol
Zo| meter m
A kilogram kg
d SI Prefixes
secon 5 Multiple Prefix Symbol
ampere A 10" oeta p
kelvin K 10" era T
10 giga G
mole mol 10° mega M
del d 10° kilo k
catdela ¢ 10° hecto h
10 deka da
10" deci d
10 centi C
10~ milli m
10° micro 7!
107 nano n
10'1? pico P
100 femto f
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T he Large & the small
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The Large & the small
- Hange d

Time & At of wiveise  ~ 1.4x10% years
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Meaning of Hy, the Hubble constant, Hy?
Meaning of Hy, the Hubble length, £y?




the Hubble's law
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http://ko.wikipedia.org/wiki/%EB%B9%9B
http://ko.wikipedia.org/wiki/%EC%A0%81%EC%83%89_%ED%8E%B8%EC%9D%B4

Doppler etfect
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the Carnegie Institution of Washington

Cluster
nebula in

Ursa Major

Corona Borealis

Bootes

Distance in
lightyears

7.8 X 107

1.0 X 109

1.4 X 10°

25 %X 10°

i
i
1

Redshift

39,000 km/'s
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Approximate distance (Mpc)
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Approximate distance (Mpc)
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Cosmic Journey Through Our Backyard

Earth: 1.3 x 10’ m

Solar sysem: 1013 m
Stars in the solar neighborhood: 1017 m
Milky Way Galaxy: 10?2 m
Local group of galaxies: 3 x 1022 m

Local Supercluster: 104 m

“You afe:héte ?




— o~ L I P S P Seary 1y Ty be e retd — R e S e —
et il NS UG e e OO T ITI 0 s P et i et tomsnde o dude o samms e &

The Large & the small

[Homework]
Express your height, mass and age in terms of the
Largest and smallest such measurements in the universe!

For example, let’s think about the mass.




Same physics for all scales?
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® ‘the unreasonable effectiveness of mathematics’ (Eugene Wignerj-)

COMMUNICATIONS ON PURE AND APPLIED MATHEMATICS, VOL. X111, 001-14 (1960)

The Unreasonable Effectiveness of Mathematics
in the Natural Sciences

Richard Courant Lecture in Mathematical Sciences delivered at New York University,
May 11, 1959

EUGENE P. WIGNER

Princeton University

* ‘The universe is both rationally transparent and rationally
beautiful’ (John Polkinghorne)

|

From Physicist
to Priest



If you stop to think about it, all this is very odd. Mathematics, after all, is
just abstract thinking, but it turns out that some of the most beautiful
patterns that the mathematicians can think up are not just airy-fairy
ideas, but they actually occur, out there, in the structure of the world
around us. Dirac’s brother-in-law, Eugene Wigner, (himself also a Nobel
prize winner) once called it ‘the unreasonable effectiveness of
mathematics’. He also said it was a gift that we neither deserved nor
understood. I do not know about deserving it, but I would certainly like
to understand this strange property that makes theoretical physics both
possible and greatly rewarding.

The universe is both rationally transparent and rationally beautiful. The
first fact makes science possible, the second gives scientists their deepest
satisfaction, the sense of wonder at the marvellous order revealed to our

enquiry.
(J. Polkinghorne)
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There is a story about two friends, who were classmates in high school,
talking about their jobs. One of them became a statistician and was working
on population trends. He showed a reprint to his former classmate, The
reprint started, as usual, with the Gaussian distribution and the statistician
explained to his former classmate the meaning of the symbols for the actual
population, for the average population, and so on. His classmate was a
bit incredulous and was not quite sure whether the statistician was pulling
his leg. “"How can you know that?” was his query. “And what is this
symbol Here?”” “Oh,” said the statistician, “‘this is #.”" “What is that?”
“The ratio of the circumference of the circle to its diameter.”” ‘“Well, now
you are pushing your joke too far,” said the classmate, “‘surely the pop-
ulation has nothing to do with the circumference of the circle.”

Let me end on a more cheerful note. The miracle of the appropriate-
ness of the language of mathematics for the formulation of the laws of
physics 18 a wonderful gift which we neither understand nor deserve. We
should be grateful for it and hope that it will remain valid in future research
and that 1t will extend, for better or for worse, to our pleasure even though
perhaps also to our bafflement, to wide branches of learning.

E. Wigner




