
Completion of the algebraic proof of the Campbell-
Baker-Hausdorff theorem. Free Lie algebras.

Math 128 Lecture 4



Review: Statement of 
the PBW theorem.

L is a Lie algebra and U(L) its universal enveloping algebra. 



Proof of PBW: 
construction of a module.



Proof of the lemma, 1.



Proof of the lemma, 2.We want

and



Proof of the lemma, 3.
We want

and

We



Proof of the lemma, 4.



Proof of the lemma, 4.



Proof of the lemma, 5.
To prove:

This argument depended only on the fact that k<j. So we may interchange i 
and j and get a similar formula.



Proof of the lemma, 
end.



Proof of PBW from the lemma.



Review: the bialgebra structure of the universal enveloping 
algebra,.





Primitive elements of U(L).



Proof that the elements of L are the only 
primitive elements of U(L).



Magmas.



Free magmas and non-associative words.



The free magma on a set is universal for 
maps of the set into a magma.



The free algebra on a 
set.

.





The ideal  I is graded.

and







The Lie algebra 
generated by X in Ass  .X



The primitive elements 
of Ass   .X



Completions.







Recall that









Explicit CBH formula.



The first four terms.


