Coordinates, frames

Lunes : 14 —-15
Miercoles . 15—16  of fice hours

at the end of the day we consider parametrized subsets of R 3
A, CR’t eR.

example (particle) x : R — R3

this description depends on various arbitrary choices
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choice of origin + axes may depend on time.

example (uniform translation)
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fuller picture
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time line, T

T he 'universe’ or 'space — time' is
. 3
M:= U teT [Et
3. . .
where [Et is simultaneous events at time t.

We think of M as a pile of Euclidean parametrized by T .
x we assume M has a smooth structure.

A frame consists of .
(i) origin o(t) € [Ef’ foreacht €T
(ii) e, (1), e, (1), e (1) € [Ef’ S.t. ej(t) — o(t) areorth. basis
(iii) depending smoothly on t.

A frame identifies M =~ T X R3
choosing as well origin and unit of time identifies M =~ R X R3.
A particle is then (t, x(t)) wherex . R — R3

additional structure from idea of free motion

not free motions

we assume that this equips M with an af fine structure Galileo’s principle of inertia (Newton's 1st law)
givenm € Mand (1,0) € Rx R>

m + (t,0)
is defined as the point where m would be if given an initial velocity U and let move freely for timet.

we come to the definition in Arnold’s book.
T he universe or space — time M is .

(i) an af fine space At > M
(ii) with amap s . A* > T (2R)
(iii) each s (1) C A% is a Euclidean space.

an inertial frame is one in which free motions are straight lines.
T hey are obtained by translating an initial frame.

T he Galilean group are transformations of M preseving
simultaneous events
FEuclidean structure
free motions (af fine str.)

in the coordinates M ~ R x R> from an inertial frame .
(1,x) E RXxR® - (t +1,,8x + a + tz‘))

where g is a rotation, a, U € R> t €R.

example (uniformly rotating frame) :

N 4
92 -~ x,y €C
Coc X(#) = 4
/ \
) X =ela)t y
|
‘ X =iox + ey
y= —iwy + e "%
¥ — 2iwx — wtx = 'y
j + 2wy — o’y = e i 5(*>

7

Coriolis force

example (polar coordinates)
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Centrifugal force

qg = (x,y) = r(cosé, sin 9)
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