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2.20
Vol ket x>0
+o00, <0
Calculate (22) in the ground state.

For x >0 v obeys the simple harmonic oscillator. When = <0, ¥ =0.
=FE,=2n+ 1)%, n=1,3,5,... We can rename this as By =(4k+3)hw/2, k=0,1,2,...
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[al, ai} =—1; [a4,a_]= [ai, a_} =0
[Je, Jel=FhJs, [J%J]=0

[J2, J4] :%Q[QL(LF —a'a_, ala,} :%2{(11[&+7 al}a, — ai[a_, a,}a,} = h%la, =hJ;
[J.,J_]=—hJ_
JP=Ji+ i+ Ji=JyJ_—hJ.+ J?

Jr=Jy,£1iJ,

(02, 1] = [Jsdo =R+ J2, 0] = [ T+ Jo [T, I = — B+ JohJ- =0

J2=J+J_—th+J3=...:h2N(g+1)



3.2
U= ao + 1 o-a
apg—10-Qa
ag, @ are real parameters.
a) U is unitary (UUT = U'U = 1), unimodular (det U = 1). 2 x 2 matrix. These are the SU(2)

matrices.
ag+ias ag—i—ial)

A=aqy+ioc-a= . .
—ag+1a; az—1as

At=qy—ioc-a
ATA=A At =qy+ (0-a)’= {aiai ajaj:aiaj{%[ai,aj] + {O’i,O’j}} =a,a,] =|a| I} =

{ [Uiagj]:2i€ijk0k; {Uiagj}:25ij1 }

=ab+lap= a1

-1 1
-1 1
U:A(AT) :_|a|2 A?

This shows unitarity.

2 2 2
detU=det( A V= (det( 2 )) = L deta) =1
|a|? |a] |la|?

D(1/2)(n,7/)) exp< %(aﬁ)d;) :cos%fio“ﬁsin%
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3.3
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b) A#0,e B/mc— 0.

%HZSH (S =58 4 5(IgEH | g
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ng)x(f) is not an eigenstate of H.

A A N e S N
(H)=(xD) () BN = T4

3.4 Spin 1.
{IS=1,8=m)iym=+1,0,—1}={|+),|0),| —)}

s,2s+ 1.

By a symmetry argument, we should get S;(S;+1)(S; —1).

(7', m/|Jelg,m) =/ (GFm)(GEm~+1) ;1 0mrm+1

/0 V2 0 \m’fl

S+=[ 0 0 v2 | m'=0

00 o )m=-1
S_=s1
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