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* the large and the small

® The unreasonable effectiveness of mathematics in the natural sciences
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Newton®] 2] & ZHEZH AHAIH

n)gl=. Newton©] TSt AUR o= 713171

Newton2| MAL — HA[R}F FA|HE 231177

A=, 15 A8 (Oscillations, Waves & Sound)
222 2|3k F2|sk

M7|, 2t7|, 32|12 MZ}7|a} (Electricity, Magnetism & EM waves)
A7t 57, Al-8-3F (space, time, and spacetime)
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Everything should be made
as simple as possible,

but not simpler.

Albert Einstein
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“... the basic scientific principle, and it says all things

being equal, the simplest explanation tends to be the
right one” -- 93} ‘Contact’ 5| A



]_ _L].b‘]- HI-I:HE
(the scientific method)

Test does not support Al Test supports

hypothesis; revise R — hypothesis; make
hypothesis or choose EshZH= additional predictions
new one. =B and test them,

Figure 3.25 This diagram illustrates what we often call the scen-
}fﬁc method.
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d Eratosthenes measures the
Earth (~ 240 BC)

e by observing the angle of sunlight
at noon on summer solstice

® one of the greatest human
intellectual achievements in
history

7°/360° x C' = 5000 stadia
. C' = 250,000 stadia ~ 42,000 km

To Sun
al noon on
June 22

To zenith
at Alexandrlak A

\
\

Alexandria\\ .

v

\

\

To Sun
and zenith
~ at Syene

Syene
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e Ptolemy (H-54) vs. Copernicus (X]-54)
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(1546-1601) (1571-1630)

€ N. Copernicus (1473-1543)

d Tycho Brahe (1546-1601)
measures the “stars”’

e Naked eye observation of
planetary motions

e for~30 years

@ accurate within £1 arcmin.
(=+19/60)
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E|Z 2t 85|~

d Tycho & Johanness

e Tycho found a young talent in J. Kepler, and
begged him to analyze his data so that “it may
not appear I have lived in vain”

a A=S29] 3712 H3]
e Elliptical orbits
e constant areal-velocity
e Radius vs. Period

Perihelion

Aphelion

24
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parabola

ellipse

conic sections



A== A32 o 4 27

50

40

30

20

10

orbital speed (km/sec)

(b)

Copyright © Addison Weasley

Saturn

250

200

150

100

Period, T (years)

50

Uranus Neptune pjuto

Mars

LU B A A N A A A A N A B N BN N A A A A A B A B B |

Tox 12 T r% Pluto
Neptune
Uranus
Saturn Tocr
Jupiter

1x10% 2x10? 3x10? 4x10° 5x10° 6x10°

+

|

40 50

mean distance from Sun (AU)

re
ul

Mean distance, r (km)

A 9 & (A B3k 27



« Rotation curves of
spiral galaxies

G (o" staag Y'Dm(‘:'vj QGO’“* a w * Measure the motion of

stars and gas in galaxies
: P s hAft
o 1 U (R) 'mdu

(rotation velocity)
.' A B Cc
o— —N @

& K -~ A —/\ blueshifted
0

ovbit T _
C redshifted

«—— bluer wavelength redder —»
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« Rotation curves of
spiral galaxies

* Measure the motion of
stars and gas in galaxies
(rotation velocity)

A —/\ blueshifted

C redshifted /L

«—— bluer wavelength redder ——»
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NGC 7331 « Rotation curves of
T T spiral galaxies

i L) | . . :
«{l*‘ﬂ IIIEI"II""".lllllillii Measurethe motion Of

300 ——

stars and gas in galaxies

T <00 “EI N (rotation velocity)
E i ] A B C
g I -
.2 100 |- ® © o -
} ]
| Ry
0 L i ! I , ) | | A ./\ blueshifted
0O 10 20 30 40

%E‘I —5_—_"|__g| ﬂ;ﬂ;_(: O]f)‘ , C redshifted /L

=a X 4 1 «—— bluer wavelength redder ——»
= A7 A=7H
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