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Invariant variational problems

Invariante Variationsprobleme.

(F. Klein zum fiinfzigjahrigen Doktorjubildu
Von

Emmy Noether | in Gottingen.

Vorgelegt von F. Klein in der Sitzung vom 26. Juli 1918?%),



il

TR ES

=)  XTPRY



TEEZVIEFHERANE







X FR M
- (MBI ([EES )

. RETR (ZEHES )

« ZEEEMXIRIE ( Z/E

A7
) Rl




#ORE KRR

////:~////////// GTJIZIE L AT 7]
\ 0
g 1
) l

A

wo=N)E )
TR ENERER



BLIRE . SRS

5T




&/ EH=RIE

8 TE

t = afllt = b WZIx*MEVE - RAZoES

1E,

1= S

b
fL(t,x“,a‘c“)dt W&/ ME.

variational problem

1E,

ISEIRENRYGT < AI-AI1EER

iz

oL d oL

axt  dt 9x”



Bl - ISR EIE TR N @
A
S = z ! o, v

oL
Rt - Rt A s RE - L= 4

dy dx “0yr

= 0=y"



5l - 39395]773mC

m
=
|

|
&/
>
QY8
|
g
>
QY8

m (x%+y%+2%) —mgz

N | =

<A<

suiib= R

T

ES

—\

KA -RIASERH A2
x 7@ @—i(aL) = mi=0

Ox  dt E

y A0 : oL —i(aL) = my=0

dy — dt \dy

oL d (0L ..
ij_ll:l|—=—— —> M = —M
0z dt (az) “ g




TEARHETFH

RIMERERE <) FHE_ER

S/NMEHAEREENEE - BRFNIE S
YR ERH O EFREA TR EH=E -

["XAEXE @ S = ﬁf dx*\/—g R



E X 1

-Nizh=E pu =

MR- NIMEERH S 1=

oL
oxt’
oL

axn ~ Pu

.
1

El

ARy 4

%

AT M= =~FiE

A

x F0a

O

A1

O

Px =
Pz

1955|1175

oL

0x
0

0

L

Z

1

P L=-m (x% +y% +2°%) —mgz
=mx FEALZ

= 5= Fl8

 PEXZDERE



EXIERBWE H=H(tx"py)=pux*—1L

NIF MR- NEBRH 7S = 0l 15

e FEALE= gEEFI8

=
b‘
|

|
&l
>
cvcv
f}ﬁ
>

‘é=—m(x + y% +2%) —mgz

1
H = mge + #5E = Em(a’cz +y%2 +2%) + mygz



The problems in variation here concerned are such as to admit a
continuous group (in Lie’s sense); . .. what is to follow, therefore, represents
a combination of the methods of the formal calculus of variations

with those of Lie’s group theory.

EMMY NOETHER, “Invariante variationsprobleme” (1918)
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I. If the integral .# is invariant under a finite continuous group
&, with p parameters, then there are p linearly independent
combinations among the Lagrangian expressions that become
divergences—and conversely, that implies the invariance of .#
under a group &,.
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Pure mathematics is, in its way, the poetry of logical
ideas. One seeks the most general ideas of operation
which will bring together in simple, logical and unified
form the largest possible circle of formal relationships. In
this effort toward logical beauty spiritual formulas are
discovered necessary for the deeper penetration into the
laws of nature.

Albert Einstein, an epitaph of Emmy Noether, published

in the New York Times, May 5, 1935.
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STANDARD MODEL OF ELEMENTARY PARTICLES

R s A
CHARM TOP GLUON HIGGS BOSON
0 mass 2,3 MeV/c’ 1,275 Gev/c 173,07 Gev/c 0 126 GeV/c*
“I\: charge % 0 0
“*_J spin %2 1 0
A o S
g ¥ |
K DOWN STRANGE BOTTOM PHOTON
iy 4,8 Mev/c 95 Mev/c: 4,18 Gev/C 0
3 % % 0 G
va % 1 A
‘ ‘
U
e N N 7 N e N G
ELECTRON MUON TAU Z BOSON E
L 0,511 Mev/c 105,7 MeV/c* 1,777 Gev/c 91,2 GeV/c B
-1 -1 -1 0
E 73 3 Ya 1 o
P AN y & & 8 J S
)
T (EEcRon ) muon ) ( Tau ) Weoconn ©
(@) NEUTRINO NEUTRINO NEUTRINO N
N <2,2eV/c <0,17 MeVv/c* <15,5 Mev/c 80,4 Gev/ S
0 0 0 +1
S Y2 Ya Ya 1
J B/ N J

o

BN INERE R BN EXIFRIE
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