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P10-12.

In a low energy neutron-proton system (which has zero orbital angular momentum) the
potential energy is given by

V(r)=v1<r)+v2(r)(3w—cl j+v (15, -5,

Where r is the vector connecting the two particles. Calculate the potential energy for the
neutron-proton system (a) In the spin singlet state, and (b) In the triplet state.

Solution:  InS_, —S,, (non - interacting) representation.
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Choosing T as the z - axis,

V(r) = Vl(r) + Vz (r)[?’w_ G, '62j+ Vs(r)61 -G,

=V, (r)+V, (r)[?’(alzc:—zzer) -Gy - 62] +V;(r)G, - G,
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(a) Insinglet state,
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=V, (r) + 3V, (N (=1) + [V, (r) - V,(nN](0-3I)

—V,(1) =3V, (1) - [Va (1) - V, (N]3)
= V(1) -3V, (1)

(b) In triplet state,
S =0forsinglet, .. (S, +S,)? =1(L+1)Aa* = 2K°
V() =V, (r) +3V,(r)6,,6,, +[V,(r) -V, (r)](hi2 2h% — 3Ij

=V, () +3V,(15,,5,, +[V,(1) -V, (N](4-3)
=V, (1) +V, (N[36,,6,, —1]+ V4 (1)
Casel.
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V(r) = V(1) + V,(NB -1+ V,;(r) = Vi (r) + 2V, (1) + V, (1)
Case 2.
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V(r) = V(1) + V,(NB-1]+ V,(r) = V,(r) + 2V, (r) + V, (1)
Case 3.
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V() = Vi(n) + V,(N[=8-1]+ V3 (r) = Vi (r) -4V, (1) + V5 ()




