Gasiorowicz 3" edition April 23, 2008
P10-11.

Consider two spin ¥ particles, whose spins are described by the Pauli operators o; and
o,. Let e be the unit vector connecting the two particles and define the operator

S,, =3(c,-€)(c,-€)-0, 0,

Show that if the two particles are in an S=0 state (singlet) then
S12Xsinglet=0

Show that for a triplet state

(S12-2)(S12+4) XKsinglet = 0

(Hint: Choose e along the z-axis)
We will solve the problem inS;, —S,, (non -interactin g) representa tion.

Choose %a‘on% the z - axis.
. olution:
c,-é=0,and ¢, -€=0,,
S, =3(c,-€)(c, €)-o0, 0,
= 3612622 - (GIXGZX + cYlyGZy + c512622)

= 2612622 — GO Oy _Gly 'GZy)

o Sl 3ol o) G )

o -1{0 -1, (1 0o)\1 o), \i O)\i O0)

Note that you cannot multiply t he two matrices together, because they belong to two different particls.
InS,, —S,, (non -interactin g) representa tion,

X gnget = %(IT>I¢> - N>[T>) = %Hél(il - (21(31}
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We can use the above “mechanical method” to prove (S12-2)(S12+4) Xsinglet = 0. Note that
there are three triplet states:

o =(o) o).
o= (3) 3.
——CIONATC

And you have to prove each case independently. Since we have demonstrated the
mechanical method already, we will prove this by a more efficient approach:



InS,, —S,, (non - interacting) representation.
We first note that

2 2
(§1 +§2)2 27(61 +6z)2 :%(612 +622 +26,-G,)
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S (5, +5S,)? :T(al2 +6,° +25, -62):7(6I +25,-5,)

25, -G, =%(§1+32)2 — 6l
= G, -0, :h%(él +S,)? -3l
S,, =3(o, -€)(c, -6) -0, 06, =30,,6,, -G, ' G,
=30,,0,, —(h%(él +S,)? —3Ij
For triplet state, S=1. . (S, +S,)? =11+ 1)Ah? = 2h*
S,, =30,,0,, —(h%(gl +S,)? —3|j= 36,,0,, —(h%-th —SIJ

=30,,6,, —|
Casel.
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triplet 2



Casel.
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Case 2.
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Case 3.
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To include all three cases, we have
(812 - 2) (812 + 4)Xtriplet2 =0

triplet 2



