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HW #3

1. Spin Matrices

We usethe spinoperatorgepresenteth the basesvheresS, is diagonal:
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(a) Obviouslytwo matricescommutewhentheyarethesamei = j. Also, it is obviousthat[S, §j] is anti-symmetridn
i«— ] becaus¢S;, S1=-[S, S;]. Thereforejt only reamaingo verify

.S, -S.S -1 8S,
{{0, 0}, {0, 0}}
S,.S -S..S -1 8S,
{{0, 03, {0, 0}}
S,.S -5.S, -1 hS,
{{0, 0}, {0, O}}
(b) We definen = (sing cosp, sinfsing, co%)

ny =Sin[e] Cos[¢];, ny =Sin[e] Sin[¢]; n, = Cos[6]

Cos [9]
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Sh=Simplify[ny Sx +ny Sy +n; S; ]

1 1 . .
{{71’7005[@}, ?hSIn[Q} (Cos [¢] -iSin[e])},

1 . . 1

{§h8|n[9] (Cos[¢] +1Sin[¢]), 771’1005[9]}}

Ei gensystem[S; ]

( VR2 A m2 (-Vh2 +hnCos[o]) Csclo] (Vh2 +hCos[e]) Csc[e]
T2 T2

}’ { A (Cos[p] +1Sin[o]) ' 1}' { h (Cos[¢p] +1Sin[¢]) 1}}}

Power Expand [%]

A (-h+hCos[6]) Csc[O] (h+hCos[e]) Csc[O]

H’T ?} H h (Cos[¢p] +1Sin[o]) ' } {h (Cos[p] +1Sin[¢])’ 1}}}

Sinplify[9%

{{—2 2} {{(—CosmMjSin[(p])Tan[g} 1} {Cot[g] (Cos [¢] -iSin[¢]), 1}}}

2 27 207 ' 2 ’
cos< —sinZ gi¢
. . 2 . . 7 2 ;
Therefore,one cantake the the normalizedeigenstateso be 0 with eigenvalue+ - and ) with
sin 5 €7 cos+

eigenvalue- % .

(c) The statewith spin alongtheﬁ directionis the former, andits probabilityto havethe positiveS, whenmeasureds

cos% o
1, 0) ) 2 =co¢ 3 .
sin - €/

simplygivenby (S, = +5 | S =+3) ] =

(d) Between ﬁz(sirﬂcoszﬁ, sing sing, cog))and n’ = (sing’ cosp’, sind’ sing’, cog’), the probability is

4
| (S '—+—|Sq—+ )? = (cos%,sin%e“‘”)( .coszl ]2

= |cos%— cos% +sin 92— g7 sin%e“f’ ? =
smi dé

cog co§ =+ si* £ sin® £ + 2cos— cos sm = sm— cog¢p —¢’)

2 2 2 2
TrigExpand[Cos[%] Cos[e%] +Sin[671] Sin[%] +

e e e e
2005[31-] Cos[—éz-—] S n[-él-] S ”["52‘] Cos [¢1 - ¢21]

2 2

1 1 o 0, 12 1 o .6
~2-+~2-Cos[~21—} Cos[uzz—} ~2-Cos[~23-] Sln[~23-] +
61 2 62 1 61 1% o 62 12
ZOOS[T]OOS[T]CO [qbl]Oos[qszSm[T]Sln[T]—7005[7} Sln[T] +
Lsn[2) sin[2] c200s[ %] cos[ 2] sin[ 2] sin[ %] Sintes]Sin
5 5 v + 5 > > 5 [¢1] [¢2]
Sinplify[9%
1

5 (1+Cos[61] Cos[62] +Cos[p1] Cos[g2] Sin[O1]Sin[62] +Sin[(01]Sin[6z2]Sin[¢1]Sin(¢z])
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This is nothingbut % (1 +n- ﬁ’) = % (1+ cog)) = cog % , Wheren is theanglebetweerntwo vectors,asexpectedrom the

rotationalinvariance.

2. Sloppy Hydrogen Atom

Accordingto the problem,

Sol ve [D[Ener gy, d] =0, d]

({d> 22y

Sinplify[Energy /. %[[1]1]]

e? mz2
2 h?

This actuallyagreeswith the exactresult. (Oneshouldbe cautionedhowever thatthe agreementvith the exactresultis a
coincidencdor this particularexample.)



