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he eigenspaces corresponding to 3; = —3 and A; = aip
the vectors (1, %) and ( s 3 the eigenvalues to obtaiy, (2. - $) and

(£, 9), and then adding these vectorg (see Figure 7.2.1). «
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received £
r Palestine in 1 939, a broken man, Lacking in finangig| g |
résources, he had to se|| his beloved mathematics books and lived in Poverty until his death
Issai Schur in 1941, ; -
(1875“1941) [Image: Courtesy Electronic Publishing Services, Inc., New York Citvl
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ctor It is common to denote the upper triangular matrix in (11) by S (for Schur), in which
th case that equation can be rewritten as
it, ‘ _ A = PSPT (12)
'ta‘fl which is called a Schur decomposition of A. )
e The next theorem, due to the German mathematician and engineer Karl Hessenberg
X X X X X (1904-1959), states that every square matrix with real entries is orthogonally similar to
X X X x a matrix in which each entry below the first subdiagonal is zero (Figure 7.2.2). Such a
X X X X x matrix is said to be in upper Hessenberg form. |
X X X X X ; f
X X X X X ,
A Figure 7.2.2 I
|
 Not il s (11,
] | the di'_ei{g‘bﬁhl_'enﬁi s lﬁ(13) f
sible | arouually o the cigemalucs i
gonal - [ s R ;

strate
quare -
alues.

+ -

Limad ' fi
It is common to denote the upper Hessenberg matrix in (13) by H (for Hessenberg), I,
in which case that equation can be rewritten as ]"
\ s . i

A = PHPT (14) f

which is called an upper Hessenberg decomposition of A. i
Remark Inmany numerical algorithms the initial matrix is first converted to upper Hessenberg ‘ 3 '

form to reduce the amount of computation in subsequent parts of the algorithm. Many computer i
packages have built-in commands for finding Schur and Hessenberg decompositions. i

3 i
- Concept Review \ =
- * Orthogonally similar matrices
* Orthogonally diagonalizable
. matrix

Skills

Be able to recognize an orthogonally diagonalizable .
- Lmatrix.

* Spectral decomposition (or _* Subdiagonal

eigenvalue decomposition) . Upper Hessenburg form ';:
* Schur decomposition

* Upper Hessenburg decomposition

Be able to orthogonally diagonalize a symmetric matrix.
* Be able to find the spectral decomposition of a

g Know that eigenvalues of symmetric matrices are real
~ numbers.

'Kh_ow that for a symmetric matrix eigenvectors from
. different eigenspaces are orthogonal.

acted sO!
:hur'S‘l fe
o “retire!
servicel

‘ork Citf

-

symmetric matrix.
* Know the statement of Schur’s Theorem.
* Know the statement of Hessenburg’s Theorem.






