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1.   Intro: Weyl in 1925 …

• Weyl in 1924 and early 1925 : Work on representation theory:

``Theorie der Darstellung kontinuierlicher halbeinfacher Gruppen durch lineare Transformationen. I, II, III und
Nachtrag.'' Mathematische  Zeitschrift  23: 271--309, 24:  328----395, 789--791. GA II, 543—646

• Finished in April 1925. Then work on „Philosophie der Mathematik und Naturwissenschaften“ (published
1926/1927)

• Two reasons, why Weyl thought group representations to be important for physics --- already in the context of
GRT: (I) role of tensors in differential geometry because of irreducible representations of SL(n,R) all in tensor
products from natural (fundamental) representation– importance of symmetry conditions
(II) analysis of the problem of space (algebraic part)  could be answered using group representations (E. Cartan)

• September – November correspondence with Max Born and Pascual Jordan on new quantum mechanics

Weyl to Born, Zürich 27  Sep. 1925 (Staatsbibliothek Berlin, also in AHQO – NL Jordan (!) 965)
Born to Weyl, Göttingen 03  Oct. 1925 (ETH Hs 91: 488)
Weyl to Jordan, Zü 13  Oct. 1925 (StB Berlin dito, NL Jordan 638 + AHQP)
Jordan to Weyl, Gö xx. Nov. 1925 (ETH Hs 91: 626)
Weyl to Jordan, Zü (postcard) 23. Nov. 1925 (StB Berlin dito, NL Jordan 638 + AHQP)
Weyl to Jordan, Zü (postcard) 25. Nov. 1925 (StB Berlin dito, NL Jordan 638 + AHQP)

 



Weyl to Born, 27 Sep. 1925:

„Ihr Ansatz zur Quantentheorie hat auf mich

gewaltigen Eindruck gemacht. Ich habe mir

das Mathematische dazu folgendermaßen
zurecht gelegt, vielleicht kann Ihnen das bei

´der weiteren Durchführung behülflich sein ...“

„ Dear Herr Born,

Your Ansatz to QM has deeply impressed

me. I have figured out the mathematical

Side for myself, perhaps it may be useful

For your further progress …“

(Born had visited Zürich in September 1925
and had informed Weyl on the recent progress

made in Göttingen   B-H-J)



2.   From commutation rules to Abelian ray representations

For Born's  matrices p,q, considered as infinitesimal generators,
Weyl considered the corresponding 1- parameter groups P(s), Q(t)

„… which one could deny a physical meaning“ (Weyl to Born, 27 Sep 1925 )
(2) Weyl‘s quasi-commutation rule [my expression, E.S.]



Abelian ray representations: non-trivial commutators (but simple)

For Hermitian matrix A  Weyl took the corresponding anti-Hermitian

C:= i A  and the generated 1-parameter unitary group U(s):



Canonical basis for infinitesimal generators of G



Abelian ray representations



Abelian ray representations characterize quantum  „kinematics“

Weyl had found a structural reason,

founded in group theory,

for the canonical pairing of the P, Q operators satisfying Heisenberg commutation (4).

The latter arose as infinitesimal counterparts of the integral quasi-commutation rule (5) for

the case of generators.

He concluded (a little later in the paper):

„The kinematical character of a physical system is expressed by an irreducible Abelian

rotation group, the substrate of which [i.e. the set on which it operates, E.S. ] is the ray field

(Strahlenkörper) of the ‚pure cases‘.“ (Weyl 1927, 118)



3.  Weyl‘s approach to  the quantization problem

Already in the letter to Jordan 23 Nov 1925 Weyl indicated that

„... the domain of reasonable functions H has to be characterized by the Ansatz

This is less formal than                         . ...“

(Warning: imaginary i omitted in the exponential. Apparently Fourier transform meant)



Quantum system first, classical counterpart. Transfer of observables from 2nd to 1st



Two types of composition for observables (Weyl 1927)


