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second distinction

“Global Symmetries”™ “Local symmetries”
Transformations depend on Transformations depend on
“constant”’ parameters functions of x, t
Space-time symmetries related to Gauge invariance
boosts General covariance
rotatons

transiagons

Global phase in QM Subject of Noether's second

theorem
Subject of Noether’s first theorem
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The meaning of Noether’s theorem

Pirsa: 08040024 Page 3/31



The meaning of Noether’s theorem

Bas van Fraassen (1989)
Marc Lange (2007)

traditional
ry we have learned to say that every

Symmetries ‘engender’ conservaton laws. p 433
van Fraassen, Laws and Symmetry 1989
here are some [quantities] whose constancy is of profound
ignificance. deriving from the fundamental homogeneity and
tropy of space and ume ..."
Landau and Lifshiz Mechanics1976
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The meaning of Noether’s theorem

Bas van Fraassen (1989)
Marc Lange (2007)

traditional

“In the twenteth century we have learned to say that every
symmetry yields a conservaton law. p 138
Symmetries ‘engender” conservaton laws. p 433

van Fraassen. Laws and Symmetry 1989

“There are some [quantities] whose constancy is of profound
significance, deriving from the fundamenml homogeneity and
isotropy of space and ume ...

Landau and Lifshiz Mechanics 1976

“Noether’'s theorem is an amazing resuit which lets physicists get
conserved gquantities from symmetries of the laws of nature.”
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The meaning of Noether’s theorem

Bas van Fraassen (1989) Katherine Brading & H.R.B. (2003)
Marc Lange (2007) H.R.B. & Peter Holland (2004a, b)

Sheldon Smith (2007)
traditional revisionist

“In the twenueth century we have learned to say that every
symmetry yields a conservation law.” ; 158
Symmetries “engender’ conservaton laws. p 433

van Fraassen. Laws and Symmetry 1989

“There are some [quanutes] whose constancy is of profound
significance, deriving from the fundamenml homogeneity and
isotropy of space and time _."

Landau and Lifshiz Mechanics 1976

“Noether’'s theorem is an amazing result which lets physicists get
conserved gquantities from symmetries of the laws of nature.”
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Noether’s variational problem

"L -4l

_t“ i :{ - — _‘\. = . Ij_'\" —— s E & : . =
spectic. conlinuous miniiesimal

Pi(X) = QX ) = @i(X) T 0Q; + - - - transformations’

3S = S[¢.. 0,¢.. x*] — Sl¢:. 3, 9:. x*]

-

= / L:Ia);_ ij“(;bl_'_ x*)d*x — / L(@;. 0, ¢;. x*") d*x to first order
R’ R

T s 4 for arbitrarv reer1on of inteeration R
| quasi-invariance 0 = / d,.,I.'\‘ )d ™ x _ - < =
o R -EHI.'-F:"HI swgmmmdarion conveniion )

? constraint on dynamics
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Noether’s variational problem
N = -":‘i Ld*x

x* — x¥* = x -dx" -~ _ _
spectiic. conlinuous minmesimal

Pi\X) T+~ O0Q; + --- transformanons’

S
=
|
S
H.
|

S = S[¢.. 8,9, x*] — Sl¢:. 3, s x*]

-

— L(g.a,0.. X*)dx — '/ L(g;. 0,,¢0;. x**) d* 1o first order
R

_ ~ 4 __  for arbitrarv region of integration R
Variational quasi-invariance 4S8 = / d,(A")d'x " - TR e S
J R

<

? constraint on dynamics

l E.I-H_‘i.i"{'”i' sSummainon convenion)

Noether (1918) never used the word “syrgmetry™.
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Quasi-invariance

. ol o
Z EfSopi = — Y d, ( —ooP + Lox" — A ) Noether condition

where

Y@ = @ X) — @ X)

p= ’:'-L: | i’ "
E_ — vy = d;L ( ) Euler CXpression
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Noether’s first theorem

Sx* = E @i (X) »
.. 2_Ef
onP; = E Wi Exil X) * where

; Z g oL
A" = WL (| X) f = — E ( - £ ) — i:”‘_L = B an

If LHS vanishes. dr’ = ()

Given suitable boundary d / a0 . 40 ;
: — | ndx = =0
&y

conditions.
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complications & subtleties

Not all dynamical systems are susceptible to a Lagrangian formulation.
(Wigner 1954)

Not all symmetries are “Noetherian™.

The symmetry may not lead to a continuity equation, let alone a
conserved guantrty.

The continuity equation may not lead to a conserved quanuty (“charge”).

The continuity equation may be trivial, i.e. identical to the equations of
maotion.

The charge need not be real-valued.
The Noether symmetry may not carry states into states.

Which symmetry is associated with a given conserved quantity can
depend on the choice of the Lagrangian.

H.R.B. & Holland (2004a. b); Smithr{2007)
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complications & subtleties

Not all dynamical systems are susceptible to a Lagrangian formulation.
(Wigner 1954)

Not all symmetries are “Noetherian™.

The symmetry may not lead to a continuity equation, let alone a
conserved quanurty.

The continuity equation may not lead to a conserved quantty (“charge”).

The continuity equation may be trivial, i.e. identical to the equations of
maotion.

The charge need not be real-valued.
The Noether symmetry may not carry states into states.

Which symmetry is associated with a given conserved quantity can
depend on the choice of the Lagrangian.

H.R.B. & Holland (2004a. b); Smithr{2807)
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complications & subtleties

Not all dynamical systems are susceptible to a Lagrangian formulation.
(Wigner 1954)

Not all symmetries are “Noetherian™.

The symmetry may not lead to a continuity equation, let alone a
conserved quanurty.

The continuity equation may not lead to a conserved quanuty (“charge”).

The continuity equation may be trivial, i.e. identical to the equations of
motion.

The charge need not be real-valued.
The Noether symmetry may not carry states into states.

Which symmetry is associated with a given conserved quantity can
depend on the choice of the Lagrangian.

H.R.B. & Holland (2004a. b); Smithr{2@87)



Noether

Variational Symmetry
dS=0 (up to a surface term)

Dynamical symmetry: Conservation
f Euler-La ' f S
symmetry of tu i:nuir:nge equatons O prlnCIPIE

Equations of motion
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