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#1 Sakurai Problem 3.3a

-~ numerator = {{a0+1ixa3, ixal+a2}, {ixal-a2, a0-1xa3}};
denominator = Inverse[{{a0-ixa3, -1xal-a2}, {-ixal+a2, a0+ixa3}}];

» U = numerator.denominator // FullSimplify

™ -1+ P 1]

{{ a0%? +al?+a2%2+a3? a0?+al?+a2?+a3?

21'1a0(a1+11a2> 2a0(a0~1‘1a3)
-1+

2 a0 (a0+1'1a3> 2a0(1’1a1+a2)

!’
a0? +al? +a2%+a3? a0? + al? + a2? +a3?

U (a0% + al1? +a2% + a3?) // MatrixForm // FullSimplify

—“a‘lz—a22+<a0+j1a3)2 2a0(1’1a1+a2)

21 a0 (al+1’1a2> —alz—a22+(a0—i1a3)2

Prove Unimodular

- Det[U] // FullSimplify

Prove Unitary (I defined the $Conjugate function to stop assuming constants to be complex by default).

-~ $Conjugate[x_] :=x /. Complex[a_, b_] »a-1Ib;

- Udagger = FullSimplify[Transpose[$Conjugate[U]]];

. U.Udagger // FullSimplify // MatrixForm

Here we define the Cayley-Klein parameters a and b. (a is not to be confused with the vector @)

(aO+1'LaB)2 -al?-a2?
= a = - 7 b= ’
a0? + al? + a2? + a3? a0? +al? + a22 + a3?

Alternative representation to make it clear what Im(a) and Re(a) are.

2a0ali + 2a0a2

(a0+1'1a3)2 -al?- a2?

it e Expand[ ] // Simplify

a0? + al? + a2? + a3?

~a02+al?+a2?2-21ia0a3+a3?

a0? +al? + a2% + a3?

Now solve for ny, ny,, n; using Equations 3.3.10:



-ComplexExpand [Im[b
A1 Evaluate[{ P P (fm(b]] // FullSimplify,

‘\/1 - ComplexExpand[Re[a] ]?

-ComplexExpand[Re[b]]

// Fullsimplify,

'\/ 1 - ComplexExpand[Re[a]]?
-ComplexExpand[Im[a]]

// Fullsimplify}]

\/1 - ComplexExpand[Re[a] ]2
a0 al

DUt}

(a02+al?+a22+a32)?

\/ a02 (al?+a2%+a3?) (aOZ +al? +a2? +a32)

a0 a2 a0 a3

4

\/—A_———Z—aoz allraziadl (202 +al? +a2? + a3?) \/ﬁ<M (a0% + 212 + a2? + a3?)

(a0%2+al?+a2%2+a32)? (a02+al?+a2%2+a32)?

These need some simplifaction, but you get the ideal



